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SECONDARY  ARSINES. 

By  William  M.  Dehn  and  Burton  B.  Wilcox.  * 

The  first  secondary  arsine,  dimethylarsine  or  cacodyl  hy- 
dride, was  prepared  by  Palmer.^  He  reduced  cacodyl  chloride 
by  means  of  platinized  zinc  and  hydrochloric  acid,  in  alcoholic 
solution,  the  reaction  being  : 

(CH3),AsCl  +  2H     =     (CH3),AsH  +  HCl. 

Since  the  preparation  of  cacodyl  chloride  from  cacodyl 
oxide,  by  treatment  with  mercuric  chloride  and  hydrochloric 
acid,^  is  attended  with  considerable  inconvenience,  an  easier 
application  of  the  principle  of  the  general  reducibility  of  alkyla- 
ted arsenic  compounds^  was  attempted,  viz.,  the  direct  reduc- 
tion of  the  crude  "  arsenical  liquors  of  Cadet."  It  was  found 
that  the  following  reactions  took  place  smoothly  and  quantita- 
tively, though  the  yields  were,  of  course,  limited  by  the  possi- 
bility of  condensation  of  arsine  vapors  from  the  excess  of  hy- 
drogen evolved : 

1  Ber.  d.  chem.  Ges.,  37,  1378. 

2  Ann.  Chem.  (Liebig),  107,  262. 

3  This  Journal,  33,  105. 


2  '  Dehn  and  Wilcox. 

[(CH,),As],  +  2H     =     2(CH3),AsH, 
[(CH3),As],0  +  4H     =     2(CH3),AsH  +  H,0. 

Thus  a  needless  operation,  that  of  transforming  crude 
cacodyl  into  cacodyl  chloride,  is  eliminated,  and  dimethylarsine 
can  now  be  prepared  with  greater  ease  than  any  primary  or 
tertiary  arsine  or  any  other  secondary  arsine. 

Crude  Cacodyl. 

This  substance,  the  first  known  organic  compound  contain- 
ing arsenic,  was  observed  by  Cadet  in  1760,  when  he  distilled 
a  mixture  of  arsenic  trioxide  and  potassium  acetate  and  ob- 
tained a  very  oflFensive,  heavy,  fuming,  yellow  oil  which  has 
since  been  known  as  "Cadet's  fuming  arsenical  liquid."  In 
his  researches  on  the  cacodyl  series,  Bunsen^  found  that  this 
substance  is  a  mixture  of  cacodyl  and  cacodylic  oxide,  the  lat- 
ter being  present  in  by  far  the  larger  proportion,  the  former 
causing  the  fuming  and  spontaneous  inflammability\  No  im- 
provement in  the  yield  of  this  substance  has  been  made  since 
the  time  of  Bunsen,  though  in  1858  Baeyer^  made  experi- 
ments with  this  end  in  view.  By  proceeding  in  the  manner 
described  below,  we  have  been  able  to  obtain  yields  some- 
what larger  than  30  per  cent  ;  these  yields,  however,  include 
cacodyl,  cacodylic  oxide  and  cacodylic  acid,  all  of  which  are 
usable  for  the  preparation  of  dimethylarsine. 

An  intimate  mixture  of  250  grams  of  arsenic  trioxide  and 
250  grams  of  anhydrous  potassium  acetate  is  heated  in  a  short- 
necked,  hard  glass  flask,  of  about  500  cc.  capacity.  The  flask 
is  placed  in  a  hemispherical  iron  cup  containing  a  little  sand 
and  is  then  connected,  through  a  Liebig  condenser,  with  a  fil- 
ter flask  used  as  a  receiver.  It  is  advisable  to  surround  the 
receiver  with  ice  water  and  to  connect  its  exit-tube  with  wash 
bottles  containing  mercuric  oxide,  so  that  all  of  the  crude 
cacodyl  may  be  condensed  or  oxidized  to  cacodylic  acid  and 
thus  be  completely  retained.  During  the  course  of  8-10 
hours,  or  until  the  evolution  of  carbon  dioxide  ceases  and  no 

1  Ann.  Chem.  (L,iebig),  37,  6. 
2/Wrf.,  37,  6. 
*  Ibid.,  107,  261. 
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more  distillate  is  collected,  the  temperature  of  the  flask  con- 
taining the  potassium  acetate  and  arsenic  trioxide  is  gradually 
raised  and  continued  at  a  dull  red  heat.  The  distillate  is 
found  to  have  collected  and  separated  into  3  distinct  layers  ; 
the  lowest  layer,  small  in  quantity,  is  composed  of  reduced 
arsenic  or  polymerized  products  {vide  p.  10)  ;  the  middle 
layer,  a  dark  yellow  oil,  consists  of  cacodyl  and  cacodylic 
oxide  ;  and  the  upper  layer,  largest  in  volume,  contains  a  solu- 
tion of  cacodylic  oxide  in  acetone,  acetic  acid  and  water.  The 
second  layer  is  conveniently  separated  and  used  directly  for 
the  preparation  of  dimethylarsine  ;  the  upper  layer  is  treated 
with  mercuric  oxide  and,  together  with  the  contents  of  the 
wash  bottles,  is  filtered  and  evaporated  to  a  small  volume, 
when  it  can  be  reduced  to  dimethylarsine.  By  the  most  care- 
ful and  intense  heating  the  largest  yield  of  cacodylic  oxide 
was  25  per  cent.  ;  the  amount  of  cacodylic  acid  obtained  in- 
creased the  yield  so  that  it  exceeded  30  per  cent. 

Reduction  of  Cacodylic  Oxide  to  Dimethylarsine. 

The  reduction  of  cacodylic  oxide  to  dimethylarsine  is  con-* 
ducted  in  a  manner  similar  to  that  employed  in  the  preparation  of 
methylarsine.  Amalgamated  zinc  dust  (250  grams),  cacodylic 
oxide  (50  grams)  and  alcohol  (200  cc.)  were  placed  in  a 
i-liter,  round-bottomed  flask,  to  which  were  connected  in 
order,  a  water  wash  bottle,  a  U-tube  filled  with  soda-lime,  the  con- 
denser used  for  methylarsine,^  a  sulphuric  acid  wash  bottle  and 
a  nitric  acid  wash  bottle.  The  connections  were  made  of  glass 
and  cork  throughout,  because  the  arsines  attack  rubber  with 
great  avidity.  After  surrounding  the  condensing  bulbs  with  a 
freezing  mixture  of  salt  and  ice,  concentrated  hydrochloric 
acid  is  slowly  admitted  to  the  reduction  flask,  through  a  drop- 
ping funnel.  After  a  few  minutes  a  bright  yellow  substance 
forms  and  indicates  a  partial  reduction  ;  this  color  disappears 
as  the  reduction  proceeds.  Some  little  time  intervenes  be- 
tween the  beginning  of  the  evolution  of  the  hydrogen  and  the 
passage  of  the  dimethylarsine.  The  beginning  of  the  evolu- 
tion of  the  arsine  is  detected  when  the  passage  of  the  evolved 

1  Ber.  d.  chem.  Ges.,  34,  3594. 
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gases  is  faster  through  the  wash  bottle  next  to  the  reduction 
flask  than  it  is  through  the  sulphuric  acid  bottle  beyond  the 
condensing  apparatus.  This  period  of  time  intervening  be- 
tween the  beginning  of  the  reduction  and  the  evolution  of  the 
arsine  is  undoubtedly  consumed  in  the  reduction  of  the  caco- 
dylic  oxide  to  cacodyl — the  intermediate  product  of  the  reduc- 
tion : 

[(CH3),As],0  +  2H     =     (CH3),As.As(CHJ,  +  H,0. 

This  period  of  time  is  longer  when  cacodylic  acid  is  used  in- 
stead of  crude  cacodyl ;  the  former  requires  6  atoms  of  hydro- 
gen, the  latter  requires  2-4  atoms  of  hydrogen,  depending 
upon  the  relative  proportions  of  the  cacodyl  and  cacodylic 
oxide  present. 

When  the  apparatus  contains  air  a  red  body  is  always  formed 
on  the  inner  surfaces  of  the  apparatus.  This  substance  is 
similar  in  composition  to  the  red  compounds  formed  in  the 
Wurtz  condensations  to  be  mentioned  further  on  and  discussed 
under  oxidations  (vide  p.  10). 

As  the  reduction  proceeds  liquid  arsine  may  be  drawn  off 
from  the  condenser  bulbs  and  sealed  in  bulbs  or  constricted 
test  tubes.  In  this  manner  50  grams  of  cacodyl  may  be  re- 
duced in  the  course  of  2  hours.  Occasional  shaking  of  the  re- 
duction flask  is  necessary  because  the  cacodyl  coats  the  zinc 
and  prevents  the  action  of  the  hydrochloric  acid. 

Dimethylarsine  is  a  colorless,  mobile  liquid  having  the  char- 
acteristic odor  of  cacodyl.  It  is  very  volatile  and  inflames  in 
air  at  a  temperature  above  10°  but  not  below  0°,  burning  with 
a  blue-white  arsenical  flame  and  giving  rise  to  white  fumes 
and  a  black,  solid  deposit.  It  boils  at  35°. 6  (747  mm.)  and 
at  55°  under  1.74  atmospheres  pressure.^  Its  sp.  gr,  is  1.2 13 
at  29°. 

The  purity  of  the  arsine  used  in  the  following  studies  is 
shown  by  the  result  of  a  molecular  weight  determination  by 
Hofmann's  method : 

0.5794  gram  (CHj)jAsH  gave  169  cc.  vapor  at  99°. 3  and 
750  mm. 

I  This  Journal,  33,  123. 
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Calculated  for 

(CH3)2AsH. 

Foand. 

106.0 

105.7 

Mol.  wt. 

Like  methylarsine,^  dimethylarsine  is  soluble  in  alcohol, 
ether,  chloroform,  carbon  bisulphide,  benzene,  etc.,  in 
all  proportions.  In  fact,  it  resembles  very  closely  the  lower 
fatty  primary  arsines  in  their  physical  properties  and  most  of 
their  chemical  reactions.  In  one  particular  it  differs  remarka- 
bly from  the  fatty  primary  arsines  ;  whereas,  the  latter  fume 
and  inflame  only  on  warming,  dimethylarsine  inflames  spon- 
taneously in  the  air,  at  a  temperature  almost  as  low  as  0°. 
This  same  difference  of  ease  of  oxidation  is  seen  also  in  the 
case  of  phenyl  and  diphenylarsines ;  the  latter  can  be  isolated 
only  with  the  greatest  difficulty  by  the  method  employed  for 
the  preparation  of  phenylarsine,  on  account  of  this  great 
affinity  for  oxygen. 

General  Reactions  of  Dimethylarsine. 

Dimethylarsine  reacts  with  the  greatest  of  ease  with  inor- 
ganic substances,  such  as  the  halogens,  the  halogen  acids  and. 
their  heavy  metal  salts,  with  oxygen  and  sulphur,  with  oxides 
and  sulphides  and  with  oxygenated  acids  and  salts.  Of  the 
organic  compounds  affected  by  dimethylarsine,  reactions  with 
alkyl  halides  and  reactions  in  which  the  arsines  can  exert  a 
reducing  effect  have  been  studied  the  most.  It  may  be  said, 
in  general,  that  only  a  few  of  the  many  reactions  proposed  and 
studied  have  failed  to  give  definite  transformations. 

The  reactions  of  the  arsines  may  be  divided  into  two  general 
classes,  viz.,  those  that  involve 

1.  Addition, 

2.  Addition  and  subsequent  dissociation, 

or,  in  other  words,  reactions  which  involve  a  change  from 

1 .  Trivalent  arsenic  to  pentavalent  arsenic, 

2.  Pentavalent  arsenic  to  trivalent  arsenic. 

Theoretically,  all  the  reactions  of  the  arsenic  compounds  may 
be  explained  on  one  or  the  other  of  these  hypotheses. 

>  This  Journal,  33,  172. 
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With  halogens,  secondary  arsines  successively  form  com- 
pounds of  the  types  R^AsH.X,,  R^AsX  and  RjAsXj,  accord- 
ing to  the  equations  : 

R,AsH  +  X,     =     R,AsH.X,     =     R.AsX  +  HX ; 
R,AsX  +  X,     =     R^AsX,. 
With  halogen  acids,  either  RjAsH.HXor  R^AsX,  according 
to  the  equation  : 

R.AsH  +  HX     ==     R.AsH.HX     =     R.AsX  +  H,. 

With  alkyl  iodides,  compounds  of  the  types  RjAsH.RX, 
RjAs  and  R^AsX,  according  to  the  equations  : 

R,AsH  +  RX     =     R3AS.HX     =     R3AS  +  HX  ; 
R3AS  +  RX     =     R.AsX. 
With  halogen  salts  of  the  heavy  metals,  compounds  of  the 
type  RjAsX  : 

RjAsH  4-  MX,     =     R.AsX  +  M  +  HX, 
or,  with  the  elimination  of  the  halogen  acid,  compounds  of  the 
type  RjAsMX„  : 

R,AsH  +  MX„     =     R,AsMX„_i  +  HX. 
With  the  metalloids,  such  as  sulphur,  compounds  of  the  types 
(RjAs),S  and  (RjAs)2S2  : 

2R,AsH  +  2S     =     (R2As),S  +  H,S  ; 
2R,AsH  +  3S     =     (R,As),S,  +  H,S. 

With  oxygen,  compounds  of  the  types  R^As.AsR,,  RjAsO. 
AsRj  and  R^AsOOH  (vide  oxidation  of  dimethylarsine,  p.  9) 
and  with  oxygenated  acids  and  salts,  the  oxidation  products 
of  arsine  mentioned  above,  and  the  various  reduction  products 
of  the  acids  and  salts. 

Method  of  Controlling  Reactions. 

On  account  of  the  spontaneous  inflammability  of  dimethyl- 
arsine it  was  necessary  to  employ  special  methods  for  conduct- 
ing and  studying  the  reactions.  The  arsine,  when  prepared, 
was  sealed  in  small  bulbs  or  constricted  test  tubes.     These 
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tubes  were  placed  in  ordinary  bomb  tubes,  together  with  a  heavy 
glass  rod  and  the  reagent,  which  was  usually  sealed  in  separate 
bulbs. 

The  bomb  tubes  were  then  constricted  at  the  open  end, 
-cooled  and  filled  with  carbon  dioxide  passed  in  through  capil- 
lary tubes,  or,  when  ether  was  used  as  a  medium  for  the 
reactions,  the  air  contained  in  the  bomb  tubes  was  easily  dis- 
placed by  distilling  out  a  portion  of  the  ether.  When  filled 
with  carbon  dioxide  or  with  ether  vapor  the  tubes  were  sealed. 

When  slow  regulated  reactions  were  desired,  or  when  dan- 
ger of  explosion  was  to  be  avoided,  by  careful  agitation  of  the 
glass  rod  only  the  capillary  tubes  of  the  bulbs  containing  the 
arsine  were  broken. 

Methods  of  Analysis. 

In  addition  to  the  usual  methods  of  analysis  the  following 
were  employed  : 

Method  (a).  Analysis  of  many  of  the  compounds  containing 
halogen  was  greatly  facilitated  by  the  application  of  Volhard's 
method  of  titration.  It  was  found  that  the  halogen  atom* 
linked  directly  to  arsenic  were  easily  removed  by  boiling  with 
silver  nitrate  and  nitric  acid.  The  excess  of  silver  nitrate 
used  was  titrated  by  means  of  thiocyanate,  with  ferric  ni- 
trate as  an  indicator.  Preliminary  analyses  of  arsenic  tri- 
-chloride,  phenylarsine  chloride  and  tetraethylarsonium  iodide, 
by  this  method,  gave  quantitative  results. 

Method  (6).  Treatment  of  the  substance  with  an  excess  of 
sodium  peroxide'  separated  the  arsenic  from  its  organic 
groups  and  the  former  could  be  determined  quantitatively  by 
the  usual  methods. 

Method  (c).  To  determine  the  presence  of  inorganic  arsenic, 
or  the  RAs=  and  R,As^  groups,  the  substance  was  first 
oxidized  by  chlorine  or  bromine  water,  then  treated  with  mag- 
nesia mixture — a  precipitate  in  the  cold  indicates  inorganic 
arsenic  (though  possibly  derived  from  RAs),  a  precipitate  on 
boiling,  the  RAs=  group ;  and  a  solution,  which  with  zinc 
and  hydrochloric  acid  evolves  vapors  having  the  fuming  and 

•  This  Journal,  31,  386. 
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odor  of  the  arsines,  indicates  the  presence  of  R  :  As^  group. 
In  the  presence  of  nitrates,  chlorates,  etc.,  the  evolution  of  the 
arsines  will  often  be  retarded  or  suppressed. 

Method  (d).  Another  method  for  the  detection  of  these  con- 
stituents makes  use  of  hydrogen  sulphide,  in  hydrochloric  acid 
solution  ;  a  yellow,  solid  precipitate  indicates  inorganic  arsenic; 
a  slowly  forming,  light  yellow,  gummy  oiP  indicates  RAs, 
and  the  immediate  formation  of  a  white  emulsion  or  a  colorless 
oil,  (R3As)jS,  indicates  the  presence  of  the  R,  :  As^  group. 

Method  (e).  The  presence  of  arsenic,  either  organic  or  inor- 
ganic, can  be  detected  by  treating  with  zinc  and  hydrochloric 
acid ;  the  vapors  evolved  can  usually  be  differentiated  by  the 
sense  of  smell. 

Method  (/).  In  gaseous  mixtures  the  volume  of  arsenic  pres- 
ent was  determined  by  treatment  with  silver  nitrate  solution* 
{vide  p.  34). 

Decomposition  of  Dimethylarsine  by  Heat. 

A  bulb  of  1.07  grams  of  dimethylarsine  was  sealed  in  a 
bomb  tube  (52  cc.  capacity)  from  which  the  air  was  exhausted 
to  25  mm.  pressure,  and  was  then  broken  by  the  glass  rod. 
A  slight  fuming  indicated  the  presence  of  only  a  trace  of  air. 
The  bomb  tube  was  exposed  to  direct  sunlight  during  2  weeks'^ 
and  was  then  heated  for  an  hour  at  192°,  and  for  2  hours  at 
242°,  but  no  evident  change  took  place.  After  the  tube  had 
been  heated  for  an  hour  at  335°,  it  was  found  that  the  entire 
inner  surfaces  of  the  tube  were  covered  by  a  beautiful,  shin- 
ing, black,  metallic  mirror.  Upon  opening  the  tube  46.6  cc. 
of  gas  were  collected  and  treated  with  silver  nitrate  ;  a  decrease  \ 
in  volume  of  10.  i  cc.  resulted,  therefore  21.6  cc.  of  the  gaseous 
products  were  unchanged  arsine.  The  gas  remaining  after 
treatment  with  silver  nitrate  (36.5  cc.)  burned  with  a  blue 
flame  and  gave  no  easily  explosive  mixture  with  air — it  was 
evidently  methane  or  a  mixture  of  ethane  and  hydrogen.  The 
metallic  deposit  was  washed  with  potassium  hydroxide  solu- 
tion, then  with  water  and  dried  at  122°. 

1  This  Journal,  33,  133. 

2  Ibid.,  33,  144. 

»  Cf.  Arsine  itself.    J.  prakt.  Chem.,  6,  346.    Compt.  rend..  93,  615.    Ann.  Chim. 
Phys.,  [5],  ao,  20. 
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0.0430  gram  was  dissolved  in  bromine  water  and  treated 
with  magnesia  mixture  :  0.0829  gram  Mg,As,0,  resulted  : 

Calculated  for 
(CHgAs);^.  Found. 

As  82.63  83.33 

This  black,  metallic,  arsenic-like  substance  gave  good  tests 
for  carbon,  therefore  it  is  evidently  the  black  polymer  men- 
tioned by  Auger, ^  and  the  reaction  indicating  the  decomposi- 
tion of  dimethylarsine  by  heat  is  : 

^(CH3),AsH     =     (CHjAs);^  +  icCH,, 


;c(CH3),AsH     =     (CH3AS).  +  |C,H,  +  |h,. 

When  arsine  is  heated  to  230°  it  begins  to  decompose^  and, 
at  a  red  heat,  is  completely  resolved  according  to  the  equa- 
tion :' 

2ASH3     =     2As  +  3H,. 

A  more  complete  study  of  the  decomposition  of  the  arsines 
will  be  made  during  the  year. 

Oxygen  and  Dimethylarsine. 

When  dimethylarsine  is  treated  with  pure  or  atmospheric 
oxygen,  any  or  all  of  the  following  reactions  may  take  place  : 

1.  6(CH3),AsH  +  3O2  =  (CH3As),.As,03  +  4C,H,  +  3H,0. 

2.  4(CH3),AsH  +  O,    =  4(CH,As),  +  2C,H,  +  2H,0. 

3.  4(CH3),AsH  +  O,    =  As,  +  4C,H,  +  2H,0. 

4.  2(CH3),AsH  +  9O,  =  AsA  +  4CO,  +  7H,0. 

5.  4(CH3),AsH  +  O,    =  [(CH3),As],  +  2H,0. 

6.  2(CH3),AsH  +  O,    =  [CH3),As],0  +  H,0. 

7.  (CH3),AsH  +  0,      =  (CH3),AsOOH. 

When  methylarsine*  was  treated  with  oxygen  the  following 
reactions  occurred : 

•  Cotnpt.  rend.,  138,  1707. 

2  Ber.  d.  chem.  Ges.,  22,  3202. 

*  Compt.  rend.,  93,  617.    J.  prakt.  Chem.,  6,  347.     Ann.  Chim.  Phys.,  43,  407. 
*This  Journal,  33,  124. 
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1.  CH3ASH,  +  O,     =:     CHjAsO  +  H,0  ; 

2.  2CH3ASH,  +  3O,     =     2CH3ASO3H,. 

The  following  reactions  of  arsine^  with  oxygen  have  been 
reported  : 

1.  4ASH3  +  3O,     =     4 As  +  6H,0  ; 

2.  2ASH3  +  3O,     =     As,03  +  3H,0. 

Evidently  the  affinity  of  the  arsines  for  oxygen  increases  with 
the  number  of  alkyl  groups  introduced  ;  for  arsine  itself  does  not 
unite,  at  ordinary  temperatures,  with  oxygen,  primary  arsines 
do,  but  not  with  the  spontaneous  inflammability  which  char- 
acterize the  secondary  and  tertiary  arsines. 

All  of  the  above  oxidation  products  of  dimethylarsine,  ex- 
cept cacodyl,  have  been  identified.  On  account  of  its  spon- 
taneous inflammability,  it  has  been  found  impossible  to  isolate 
it  from  the  oxidation  product,  however,  since  it  is  often  found 
as  a  product  of  oxidation  when  liquid  oxidizing  agents  are 
employed,  it  is  easy  to  see  that  it  is  probably  formed  when 
gaseous  arsine  is  treated  with  diluted  oxygen  or  mild  oxid- 
izers. 

When  dimethylarsine  is  permitted  to  oxidize  slowly  in  the 
air,  there  is  always  formed  a  bright  red  solid,  which  is  proba- 
bly identical  in  composition  with  "  erytrarsine"  described  by 
Bunsen,^  whose  data  indicate   a   compound   of  the   formula 

(CH3As),.AsA- 

Evidence  for  the  presence  of  the  loosely  bound  inorganic 
arsenious  oxide  and  of  the  CH3AS  group  is  seen  in  the  follow- 
ing. The  substance  was  washed  repeatedly  with  water  and 
then  with  alcohol,  to  remove  any  adhering  cacodylic  acid  or 
cacodyl ic  oxide  and  was  then  dissolved  in  bromine  water  ; 
upon  making  ammoniacal  and  adding  magnesia  mixture  a 
copious  precipitate  of  NH^MgAsO^  was  obtained. 

After  filtering,  acidifying  with  hydrochloric  acid  and  treat- 
ing with  hydrogen  sulphide  there  was  formed  a  precipitate  of 

1  Ann.  Chim.  Phys.,  33,  355;  43,  407.    J.  prakt.  Chem.,  6,  347.     Comment.  Soc. 
Gott.,  16,  141.    Ber.  d.  chem.  Ges.,  22,  3203. 
-  Ann.  Chem.  (I,iebig),  42,  41. 
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CHjAsS,,  recognized  by  its  oily  consistency  and  its  character- 
istic odor.^ 

When  diraethylarsine  is  treated  with  pure  oxygen,  or  when 
warmed  and  treated  with  concentrated  oxygen,  the  reaction 
gives  rise  to  a  flame  and  the  immediate  formation  of  a  black 
solid,  which  has  been  proved  to  be  a  mixture  of  (CHsAs);^* 
and  metallic  arsenic^-  Evidence  for  the  presence  of  the  CHjAs 
grouping  was  derived  in  the  manner  described  above  for  the 
red  polymer.  In  fact  this  black  polymer  can  be  obtained  from 
the  red  polymer  by  heating.*  The  red  and  black  polymers  are 
insoluble  in  dilute  alkalies  ;  the  solid  resulting  from  the  flame 
reaction  can  be  proved  to  contain  arsenious  acid,  by  dissolving 
in  dilute  alkalies  and  testing  in  the  usual  manner. 

Proof  of  the  formation  of  metallic  arsenic*  was  obtained  as 
follows  :  When  liquid  arsine  was  dropped  into  pure  oxygen  a 
closely  compacted,  metallic  mirror  was  formed.  On  removing 
and  washing  it  free  from  cacodylic  acid  it  was  found  to  give  no 
test  for  carbon,  but  gave  all  of  the  usual  tests  for  metallic 

arsenic. 

• 

The  formation  of  ethane  was  proved  thus :  The  gas 
resulting  from  a  flame  reaction  was  obtained  in  a  eudiometer 
over  mercury  and  treated,  successively,  with  alkaline  pyro- 
gallol  to  remove  oxygen,  with  silver  nitrate  to  remove  un- 
changed arsine,  and  with  bromine  water  to  remove  unsatura- 
ted hydrocarbons  (such  have  not  been  found).  The  residual 
gas  was  found  to  burn  with  quite  a  luminous  flame  and  to  give 
no  deposit  of  metallic  arsenic  on  cold  porcelain.  When  11.8 
cc.  of  the  residual  gas,  known  to  contain  nitrogen,  were 
treated  with  4.98  cc.  of  oxygen  and  exploded  in  a  mercury 
pipette,  a  contraction  of  2.92  cc.  resulted,  owing  to  the  forma- 
tion of  water.  After  treating  with  potash  a  further  contrac- 
tion of  2.28  cc.  was  incurred.     According  to  the  equation 

2C,H,  +  7O,     =     4CO,  +  6H,0, 

'  Ber.  d.  chem.  Ges.,  i6,  1441.  This  Journal,  33,  134.  Ann.  Chem.  (Uebig), 
349.  134- 

2  Compt.  rend.,  138,  1707. 

s  Cf.  Ann.  Chem.  (Liebig),  42,  42.    Compt.  rend.,  138,  1707. 

*  Cf.  Primary  Arsines.    This  Journal,  33,  124. 
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the  contraction  owing  to  the  formation  of  water  is  to  the  con- 
traction owing  to  the  formation  of  carbon  dioxide,  as  5  : 4. 
The  ratio  found  was  2.92  :  2.28,  that  is,  an  error  of  2  per  cent. 

The  gas  resulting  from  the  flame  reaction  can  easily  be 
proved  to  contain  carbon  dioxide  by  passing  it  through  lime 
water. 

In  the  flame  reaction  and  in  all  other  oxidations  of  dimethyl- 
arsine,  cacodylic  acid  and  usually  cacodylic  oxide  can  easily  be 
proved  to  be  present  in  the  products.  The  former  was  separa- 
ted by  dissolving  in  water  or  alcohol  and  was  identified  by  its 
crystalline  form  and  melting-point ;  the  latter  was  detected 
by  its  solubility  in  water  and  its  characteristic,  penetrating 
odor — all  of  the  other  substances  mentioned  above  are  prac- 
tically odorless. 

It  may  be  said,  in  general,  that  cacodylic  acid  and  cacodylic 
oxide  are  products  of  slow  oxidation.  The  former  is  almost 
the  total  product  when  an  ether  solution  is  exposed,  through  a 
small  orifice,  to  the  action  of  the  air  ;  the  latter  is  abundant 
when  air  and  arsine  are  brought  together  in  the  presence  of 
water.  In  either  case  some  of  the  red  polymer  mentioned 
previously  may  be  formed. 

Further  evidence  in  proof  of  the  above  7  oxidation  reactions 
is  derived  from  gasometric  studies.  The  following  tables  give 
the  volumes  of  arsine  and  oxygen  required  by  these  7  equa- 
tions, the  resulting  volumes  and  contractions  are  given  in  per 
cents  of  the  arsine  and  oxygen  used. 

Per  cent  of  contraction  of  the 


lation. 

Arsine. 

Oxygen. 

Resulting. 

Arsine. 

Oxygei 

1 

6 

3 

4 

83 

166 

2 

4 

I 

I 

100 

400 

3 

4 

I 

4 

25 

100 

4 

2 

9 

4 

350 

77 

5 

4 

I 

0 

125 

500 

6 

2 

I 

0 

150 

300 

7 

I 

I 

0 

200 

200 

The  following  reactions  were  conducted  in  a  nitrometer  con- 
taining mercury  and  surrounded  by  a  jacket,  through  which 
were  passed  the  vapors  of  chloroform.     All  data  given  below 
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have  been  calculated  to  standard  conditions  of  temperature  and 
pressure  : 


Experiment. 

Arsine. 

Oxygen. 

Resulting. 

Contractions. 

Per  cent  of 
contraction 
to  arsine. 

(a) 

17.36 

4351 

44.90 

15-97 

0.92 

(6) 

22.77 

32.71 

27.77 

27.71 

1.22 

(c) 

20.29 

34-37 

44-43 

30.23 

1.49 

In  experiment  (a)  a  strong  flame-reaction  resulted,  while  in 

(6)  less,  and  in  (c)  little  flame-reaction  was  observed.  Evidently 
a  combination  of  reactions  (2),  (3),  (6)  and  (7)  with  none  of 
(2)  and  (3)  in  experiments  (a)  and  (6),  and  none  of  (6)  and 

(7)  in  (c).  Further  evidence  for  these  conclusions  was  de- 
rived from  a  study  of  the  oxidation  products  ;  no  red  polymer, 
carbon  dioxide,  or  cacodyl  was  found  in  experiments  (a),  (6) 
or  (c),  therefore  reactions  (i),  (4)  and  (5)  are  eliminated  ;  the 
black  polymer,  cacodylic  oxide  and  cacodylic  acid  were  found, 
therefore,  necessarily,  combinations  of  (2),  (3),  (6)  and  (7) 
were  involved. 

When  reactions  with  oxygen,  without  the  flame-reaction, 
take  place,  invariably  contractions  equal  in  volume  to  150-200 
per  cent  of  the  arsine  result  ;  evidently  only  reactions  (6)  and 
(7)  are  involved  under  these  conditions. 

In  the  following  experiments  a  mixture  of  hydrogen  and 
arsine  was  prepared,  kept  in  a  suitable  gas  reservoir,  and  its 
per  cent  of  arsine  determined  by  treatment  with  a  solution  of 
silver  nitrate. 

Quantities  of  the  mixture  were  drawn  off  into  Hempel 
burettes,  measured  and  treated,  either  rapidly  or  slowly,  with 
measured  quantities  of  air  ;  fuming  but  no  flame-reaction  re- 
sulted ;  slightly  greater  contractions  were  observed  upon  rapid 
treatment. 


No.  of 
experi- 
ment. 

Mixture. 

Air. 

Sum. 

Result. 

Contrac- 
tion. 

Corrected 
vol- 
ume of 
arsine. 

Per  cent 
of  contrac- 
tion of 
arsine. 

I 
2 

3 

21.2 
26.6 
18.6 

69.2 
79.8 
78.6 

90.4 

106.4 

97.2 

72.6 
84.6 
82.1 

17.8 
21.8 
I5.I 

10.6 
13-3 

9-3 

168 
164 
162 

4 

29.2 

75.0 

104.2 

79.0 

25.2 

14.6 

172 

5 
6 

16.7 
16.0 

75.0 
80.1 

91.7 
96.1 

77.2 
82.2 

14-5 
13.9 

8-3 
8.0 

174 
174 
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Evidently  treatment  with  atmospheric  oxygen  gives,  as 
products,  approximately  equal  quantities  of  cacodylic  oxide 

and  cacodylic  acid. 

— /_ 

Halogens  and  Dimethylarsine. 

When  halogens  are  brought  into  contact  with  gaseous  or 
liquid  dimethylarsine,  there  result  immediate  energetic  reac- 
tions attended  by  light,  if  no  diluent  is  employed  ;  when  or- 
ganic diluents  are  used,  precipitates  of  the  pentavalent  addi- 
tion products  are  formed,  according  to  the  equation  : 

R,AsH  +  X,     =     R.AsX.HX. 

However,  when  water  is  present  or  the  temperatures  are  too 
high,  the  addition  products  dissociate  into  trivalent  arsenic 
halides  : 

R.AsHX,     =     R,AsX  +  HX  ; 

thus  the  products  of  the  action  of  halogens  on  dimethylarsine 
are  cacodyl  halides  or  their  hydrhalogen  salts,  except  when 
the  halogen  is  permitted  to  react  at  very  high  temperatures, 
then  flame-reactions  take  place  and  there  result  polymerized 
or  decomposed  products  similar  to  those  formed  by  reactions 
2,  3  and  4  of  oxidation. 

Bromine  and  Dimethylarsine. 

When  5.5  grams  of  dimethylarsine  (i  mol.)  and  9  grams  of 
bromine  (excess  of  i  mol.)  were  brought  together  in  a  sealed 
tube,  so  that  an  energetic  reaction  took  place,  there  resulted  a 
solid  mass  of  dark  brown  color  and  a  little  colorless  oil.  On 
standing  for  some  time  the  solid  changed  to  large,  white, 
tabular  crystals  and  a  little  dark  brown,  amorphous  solid.  On 
opening  the  tube  considerable  pressure  was  noticed,  the  gas- 
eous products  were  collected  and  were  proved  to  contain  hy- 
drobromic  acid  and  hydrogen.  The  former  was  identified  by 
absorption  in  potassium  hydroxide  solution  and  treatment 
with  silver  nitrate,  the  latter  by  its  combustibility.  To 
prove  the  presence  of  hydrogen,  2.3  cc.  of  the  gas,  freed  from 
hydrobromic  acid,  was  exploded  with  oxygen;  a  contraction  of 
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3.6  cc.  resulted,  an  error  of  3  per  cent.     The  colorless  oil  was 
drained  from  the  crystals,  filtered  and  analyzed  for  halogen  : 
0.3393  gram  substance  required  0.4006  gram  silver  nitrate. 


Calculated  for 
(CH3)2AsHBr2.             (CH3)2AsBr. 

Found. 

60.20                 43-24 

55.57 

Br 

Evidently  the  oil  was  a  mixture  of  cacodyl  bromide  and 
bromcacodyl  hydrohromide  ;  upon  standing,  crystals  of  the  latter 
were  deposited. 

The  white  crystals,  the  main  product  of  the  action  of  bro- 
mine upon  dimethylarsine,  were  washed  with  chloroform, 
separated  mechanically  from  the  broken  glass  and  the  brown, 
amorphous  solid,  dried  in  a  desiccator  and  analyzed  by  Vol- 
hard's  titration  method. 

I.  0.1508  gram  substance  required  0.2599  gram  AgNOj. 

II.  0.0618  gram  substance  required  0.0791  gram  AgNOj. 


Calculated  for 

Found. 

(CH3)2AsBr.HBr. 

I. 

II. 

60.20 

60.52 

60.26 

Br 

Bromcacodyl  hydrobromide,  a  white,  tabular,  crystalline 
solid,  is  quite  stable  in  air.  It  is  somewhat  soluble  in  hot 
chloroform,  less  so  in  carbon  bisulphide,  and  is  insoluble  in 
ether.  It  decomposes  slowly  in  cold  water  and  rapidly  in  hot 
water  and  ammonium  hydroxide,  according  to  the  equation  : 

(CH3),AsBr.HBr     =     (CH3),AsBr  +  HBr. 

When  6.2  grams  of  dimethylarsine  (i  mol.)  and  10  grams 
of  bromine  ( i  mol. )  were  brought  into  contact  and  their  reac- 
tion products  were  immediately  decomposed  by  means  of 
water  and  then  subjected  to  steam  distillation,  2.5  grams  of 
cacodyl  bromide  were  separated. 

After  removing  the  cacodyl  bromide  there  was  left  a  dark 
brown,  amorphous  solid,  which  was  probably  identical  with 
Bunsen's  "  erytrarsine"  mentioned  above.  After  boiling  re- 
peatedly with  water,  and  drying  at  120°,  it  was  analyzed  for 
arsenic. 

0.2138  gram  substance  gave  0.2358  gram  MgjPjO,. 
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Calculated  for 
(CHsA.s)4.ASj03.  (CHaAs);^,  Found. 

As  80.64  83.33  82.10 

The  above  data  justify  the  following  equations  to  represent 
the  reaction  when  dimethylarsine  is  brought  into  contact  with 
bromine  : 

(CH3),AsH  +  Br,     =     (CH3),AsBr.HBr  ; 
(CH3),AsH.HBr     =     (CHj^AsBr  +  HBr  ; 
(CH3),AsH  +  HBr     =     (CH3),AsBr  +  H,  (vide  p  22). 

The  formation  of  the  polymer  is  cleared  up  by  a  study  of  the 
action  of  arsenic  trichloride  upon  dimethylarsine  (vide  p.  40). 

Chlorine  and  Dimethylarsine. 

A  quantity  of  dimethylarsine  was.  placed  in  a  gas  wash  bot- 
tle and  treated  with  a  slow  stream  of  dry  chlorine  ;  an  imme- 
diate flame-reaction  took  place,  attended  by  a  deposition  of 
arsenic  and  of  a  black  solid  polymer.  When  an  excess  of 
chlorine  was  added,  the  reaction  product  became  chiefly 
liquid.  The  contents  of  the  wash  bottle  were  extracted  with 
chloroform  and  its  solution  was  dried  and  distilled.  Methyl- 
arsine  dichloride,  CH3ASCIJ,  was  found  to  be  the  chief 
constituent  of  the  liquid  which  boiled  at  ioo°-i50°  (CHjAsCl, 
boils  at  123°  ;  (CH3),AsCl  boils  at  100°).  The  fraction  boil- 
ing at  i4o°-i45°  was  analyzed  for  chlorine  : 

0.1948  gram  substance  required  0.4208  gram  AgNOj. 

Calculated  for 
(CH3)2AsCl.  CH3ASCI2.  Found. 

CI  24.93  4410  44.98 

It  is  probable  that  chlorine  reacted  with  dimethylarsine,  as 
did  bromine,  with  the  formation  of  chlorocacodyl  hydrochloride, 

(CH3),AsH  +  CI,     =     (CH3),AsCl.HCl, 

which  decomposed  at   the   temperature  of  the  reaction  and 
formed  cacodyl  chloride, 

(CH3),AsH.HCl     ==     (CH3),AsCl  +  HCl. 

Cacodyl  chloride  could  then  react  with  chlorine  according  to 


Secondary  Arsines.  17 

the  known  reaction  and  form  the  pentavalent  body,  dimethyl- 
arsine  trichloride, 

(CH3),AsCl  +  CI,     =     (CH,),AsCl„ 

which  decomposes  at  a  temperature  above  40 "-50°,  and  forms 
methylarsine  dichloride  and  methyl  chloride,^ 

(CH3),AsCl3     =     CHjAsCl^  +  CH3CI. 

The  phenomenon  attending  the  reaction  of  the  chlorine  with 
arsine  is  very  similar  to  that  with  dimethylarsine.^ 

Iodine  and  Dimethylarsine. 

When  2.6  grams  of  dimethylarsine  (i  mol.)  were  treated  in 
a  sealed  tube  with  6.2  grams  of  iodine  (i  mol.),  an  immediate 
reaction  took  place,  with  the  liberation  of  much  heat  and  the 
formation  of  a  yellow  solid,  which  crystallized  on  standing. 
I^ittle  or  no  pressure  was  observed  on  opening  the  tube.  By 
washing  with  chloroform  the  crystalline  substance,  iodocacodyl 
hydriodide,  (CH3)2AsI.HI,  was  obtained  pure.  It  crystallizes 
in  large,  well-formed,  light  yellow  needles  which,  when  heated 
rapidly,  soften  and  darken  at  160°,  and  melt  at  175°  ;  by  con- 
tinued heating  at  60°  the  crystals  darken  and  liberate  iodine. 
Iodocacodyl  iodide  is  insoluble  in  ether  and  chloroform  and 
soluble  in  alcohol,  with  evident  decomposition.  Water  de- 
composes it  easily,  according  to  the  equation : 

(CH3),AsI.HI     =     (CH3),AsI  +  HI. 

0.1244  gram  substance  required  0.1299  gram  AgNOj. 

Calculated  for 

(CH3)2AsI.HI.  Found. 

I  70.55  69.90 

Iodine  decomposes  arsine  slowly  in  the  cold,  rapidly  on 
heating,  into  hydriodic  acid  and  arsenic  trioxide.' 

Aqueous  Iodine  and  Dimethylarsine. 

When  0.1848  gram  of  dimethylarsine  was  brought  into  con- 
tact with  an  excess  of  standard  iodine  solution  and  the  un- 

1  Ann.  Chem.  (I,iebig),  107,  269. 

2  Ann.  Chim.  Phys.  [2],  43,407.    Gmelin-Kraut  Handbuch  der  Chemie. 

3  Ann.  Chim.  Phys.,  [2],  43,  407.  Compt.  rend.,  67,  56.  Anal.  Zeitschr.,  7,  476. 
Ber.  d.  chem.  Ges.,  ao,  1099  ;  21,  2546. 
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changed  iodine  titrated  with  standard  thiosulphate  solution, 
the  following  reaction  was  found  to  have  taken  place  : 

(CHJ.AsH  +  4I  +  2H,0     =     (CH3),AsOOH  +  4HI. 
0.8716  gram  of  arsine  was  used,  whereas  the  theory  required 
0.8916  gram — the  error  of  2  per  cent  being  accounted  for  by 
the  difficulty  of  avoiding  oxidation.' 

Alkyl  Halides  and  Dimethylarsine. 
In  1854  Landolt'*  found  that  triethylarsine  reacted  with 
ethyl  iodide,  slowly  in  the  cold,  more  rapidly  when  heated, 
and  formed  a  crystalline  product,  tetraethylarsonium  iodide, 
(C2H5)^AsI.  This  reaction  was  found  to  be  analogous  to  the 
formation  of  tetramethylstibonium  iodide,  (CH3)^SbI,  from 
trimethylstibine  and  methyl  iodide.^  It  was  observed  by  one 
of  us*  that  when  primary  arsines  were  heated  with  3  molecules 
of  alkyl  iodides,  there  resulted  arsonium  iodides  of  the  types 
RR'jAsI  and  R^AsI.^  It  was  stated  that  the  intermediate 
products  RR'AsH.HI  and  RR'^As.HI  were  probably  formed, 
but,  being  unstable,  split  off  hydriodic  acid  and  added  more 
alkyl  iodide,  until  the  arsonium  body  was  produced.  We 
have  found  that  the  secondary  arsines  react  with  equal  ease 
with  the  alkyl  iodides,  forming  both  the  intermediate  product 
RjR'As.HI  and  the  end  product,  the  arsonium  iodide,  accord- 
ing to  whether  the  arsine  is  allowed  to  react  with  i  molecule 
of  the  alkyl  iodide  in  the  cold  or  is  heated  with  2  molecules  : 

R.AsH  +  R'l     =     R^R'As.HI; 

R.AsH  +  2R'I     =     R,R'As.R'I  -|-  HI. 

Dimethyldiisohutylarsonium  Iodide. 

When    5    grams   of  dimethylarsine  were   sealed  with  21.7 

grams  of  isobutyl  iodide  (2.5   mols.)  and   heated  5  hours,  at 

110°,  there  resulted  a  crystalline  mass,  colored  red  by  a  small 

amount  of  arsonium  periodides.     The  solid  was  extracted  from 

the  reaction  tube  by  means  of  water  and  heated  in  a  beaker, 

1  Cf.  Primary  Arsine.    This  Journal,  33,  126. 

•  Ann.  Chem.  (I^iebig),  89,  331. 
«/*irf.,  84,  44. 

*  This  Journal,  33,  128. 
^  Ibid.,  33,  115. 
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on  the  water-bath,  with  potassium  hydroxide  solution,  to  de- 
stroy the  periodides  and  to  evaporate  the  excess  of  alkyl 
iodides  used.  The  arsonium  iodide  separated  from  the  alkali 
solution  as  a  solid  and  was  removed  by  filtering  on  glass  wool. 
It  was  extracted  from  the  glass  wool  by  means  of  chloroform 
and,  after  drying  with  calcium  chloride,  was  precipitated  by 
ether  as  a  white,  crystalline  solid.  It  is  soluble  in  alcohol  and 
chloroform,  but  insoluble  in  ether  and  melts  at  155°. 
0.2470  gram  substance  required  0.1213  gram  AgNOj. 

Calculated  for 
(CH3)2(C4H9)2AsI.  Found. 

I  36.70  36.67 

Dimethyldicetylarsonium  Iodide . 

Dimethylarsine  (5.94  grams)  did  not  react  with  49.3  grams 
of  cetyl  iodide  (2  mols.)  on  standing  at  room  temperature. 
After  heating  5  hours,  at  100°,  the  entire  mass  was  changed 
to  a  crystalline  solid. 

The  solid  was  decolorized  by  boiling  with  potassium  hy- 
droxide, which  precipitated  it  as  an  oil.  It  was  separated  from . 
the  alkali  solution  and  dissolved  in  chloroform.  The  dry 
chloroform  solution  was  diluted  with  much  ether  and  cooled, 
when  the  dimethyldicetylarsonium  iodide  separated  as  a 
slightly  yellow,  crystalline  solid.  It  was  obtained  perfectly 
white  on  recrystallizing.     It  melts  at  53^-54° . 

0.1872  gram  substance  required  0.0465  gram  AgNO,. 

Calculated  for 
(CH3)2(Ci6H33)2AsI.  Found. 

I  18.62  18.57 

Dimethyldiisopropylarsonium  Iodide. 

Dimethylarsine  (4.6  grams)  and  isopropyl  iodide  (18  grams, 
2.5  mols.),  after  standing  in  contact  18  hours,  deposited 
some  crystals  ;  after  heating  for  3  hours,  at  100°,  the  en- 
tire mass  became  solid.  The  arsonium  iodide,  freed  from 
arsonium  periodides  by  boiling  with  potassium  hydroxide,  was 
precipitated  from  the  chloroform  solution  by  ether,  in  the 
usual  manner. 
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Dimeihyldiisopropylarsonium  iodide  is  a  pure  white,  crystal- 
line solid  easily  soluble  in  chloroform  and  very  insoluble  in 
ether.     It  does  not  melt  at  230°. 

0.1 136  gram  substance  required  0.0604  gram  AgNOj. 

Calculated  for 
(CH3)2(C3H7)oAsI.  Found. 

I  39-93  39-68 

Dimethyldia  llylarsonium  Iodide. 

A  large  excess  of  allyl  iodide  (3-4  mols.)  reacted  very  vio- 
lently with  dimethylarsine,  liberating  sufficient  heat  to  boil  the 
mixture.  A  precipitate  began  to  form  and  in  less  than 
30  minutes  the  entire  mass  had  become  solid.  On  opening  the 
tube  in  which  the  reactions  had  taken  place  much  pressure 
was  observed  ;  vapors  of  iodine,  hydriodic  acid,  and  a  gas  that 
burned  with  a  sooty  flame  were  given  off".  On  account  of  the 
large  excess  of  allyl  iodide  it  was  impossible  to  separate  the 
arsonium  iodide  in  the  usual  manner,  but  crystals  dried  on 
clay  plates  were  found  to  be  light  yellow  in  color,  soluble  in 
alcohol  and  insoluble  in  ether.     Analysis  : 

0.1330  gram  substance  required  0.0709  gram  AgNOj. 

Calculated  for 
(CH3)2(C3H6)2AsI.  Found. 

I  4044  39-81 

Dimethylallylarsine. 

When  dimethylarsine  (3  grams)  was  treated  with  i  mole- 
cule of  allyl  iodide  (4.8  grams)  the  reaction  was  not  so  violent 
as  when  3  to  4  molecules  of  the  allyl  iodide  were  used  in  the 
preparation  of  dimethyldiallylarsonium  iodide.  As  the  arsine 
was  slowly  added  a  yellow  precipitate  was  first  formed,  but  it 
disappeared  when  all  of  the  arsine  came  into  contact  with  the 
reaction  mixture.  Only  a  little  heat  was  evolved.  On  opening  the 
tube  a  pressure  due  to  hydriodic  acid  was  observed  ;  arsine  was 
absent.  The  liquid  contents  were  removed  and  distilled.  Di- 
methylallylarsine distilled  at  about  160°  and  yielded  a  clear, 
light  yellow,  non-fuming  liquid  of  a  strong,  disagreeable  odor, 
irritating  to  the  eyes  and  skin.  It  was  proved  to  be  a  tertiary 
arsine  by  treatment  with  i  molecule  of  methyl  iodide.     Crystals 
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formed  at  ordinary  temperatures  ;  when  heated  i  hour  at  75°- 
80°  the  entire  mass  became  solid,  owing  to  the  production  of 
the  trimethylallylarsonium  iodide,  (CH3)3(C3H5)AsI.  Di- 
methylallylarsine  reacted  violently  with  bromine,  in  ether 
solution,  and  formed  a  yellow,  flocculent  precipitate,  dimethyl- 
allylarsine  dibromide,  (0113)2(03115) AsBr^. 

Alkalinity  of  the  Ar  sines. 

It  was  stated  by  one  of  us^  that  the  primary  arsines  possess 
weakly  basic  properties.  We  have  found  that  the  secondary 
arsines  also  possess  basic  properties  ;  they  form,  with  sulphuric 
acid,  well-defined,  crystalline  salts  which  are  unstable  in  moist 
air  ;  with  halogen  acids,  salts  which  are  decomposed  at  ordi- 
nary temperatures  ;  and  with  platinic  chloride,  double  salts 
which  are  analogous  in  composition  to  the  corresponding 
amines.  The  equation  for  the  formation  and  decomposition  of 
the  sulphuric  acid  salt  is  as  follows  : 

2(CH3),AsH  +  H,SO,     ::::;     [(CH3),AsH],H2SO,. 

The  formation  and  decomposition  of  the  halogen  acid  com- 
pounds are  represented  thus  : 

(CH3),AsH  +  HX     --     (CH3),AsH.HX  ; 
(CH3),AsH.HX     ^     (CH2),AsX  -f  H,. 
The  compounds  produced  with  platinic  chloride  are 
[(CH3),AsH]2.H2PtCl.     and     (CH3)2As.H,PtCl«. 

We  have  found  that  the  tertiary  arsines  also  possess  basic 
properties.  This  is  best  seen  in  the  action  of  alkyl  halides 
upon  dimethylarsine, 

(CH3),AsH  +  RI     =     (CH3)2RAs.HI. 

This  hydriodic  acid  salt  of  the  tertiary  arsine  is  quite  stable 
in  dry  air,  but  is  decomposed  by  water  according  to  the  equa- 
tion : 

(CH3),RAs.HI     =     (CH3),RAs  +  HI. 

In  the  aromatic  series  tertiary  arsines  have  been  found  to 

'  This  Journal,  33,  in. 
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have   some  basic  properties ;    Michaelis  prepared   triphenyl- 
arsine  hydroplatinic  chloride/ 

[(CeH,),As],H,PtCle. 
Dry  Hydrohromic  Acid  and  Dimethylarsine . 

A  bulb  of  dimethylarsine  was  placed  in  a  small  bottle  and 
the  whole  was  weighed.  It  was  then  connected  on  both  sides 
with  U-tubes  containing  phosphorus  pentoxide  ;  to  one  drying 
tube  was  attached  an  apparatus  for  the  generation  of  gaseous 
hydrobromic  acid  ;  to  the  other  U-tube,  small  wash  bottles 
containing  solutions  of  potassium  hydroxide  and  silver  nitrate, 
respectively.  The  silver  nitrate  wash  bottle  was  connected  to 
a  Hempel  burette  for  the  collection  of  gas. 

The  bottle  containing  the  bulb  of  arsine  was  surrounded  by 
a  freezing  mixture  ( — io°)  and  dry  carbon  dioxide  was  passed 
through  the  apparatus  until  the  air  was  displaced.  After 
breaking  the  arsine  bulb  by  means  of  a  glass  rod  inserted 
through  the  cork  of  the  bottle,  a  stream  of  pure,  dry  hydro- 
bromic acid  was  passed  through  the  apparatus.  Absorption 
in  the  arsine  was  noticeable,  although  unchanged  arsine  and 
hydrobromic  acid  contributed  a  steady  stream  of  outgoing 
gas,  which  was  completely  soluble  in  the  wash  bottles  con- 
taining the  potassium  hydroxide  and  silver  nitrate  solutions. 
After  some  time  the  bottle  containing  the  reaction  mixture  was 
detached  and  was  found  to  have  increased  largely  in  weight, 
though,  of  course,  not  quantitatively,  according  to  the  equa- 
tion 

(CH3),AsH  +  HBr     =     (CH3),AsH.HBr. 

In  another  experiment  the  bottle  containing  the  arsine  was 
not  detached,  but  the  freezing  mixture  was  removed  and  the 
contents  of  the  bottle  were  permitted  to  warm  to  the  room 
temperature.  A  marked  change  took  place  in  the  composition 
of  the  gas  evolved  ;  only  a  little  arsine,  but  much  hydrogen 
was  collected.  The  latter  was  identified  in  the  usual  manner. 
The  liquid  remaining  in  the  bottle  was  dissolved  in  water, 
treated  with  hydrogen  sulphide  and  was  proved  to  be  cacodyl 

I  Ann.  Chem.  (Uebig),  331,  161. 
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bromide.  Therefore,  at  — 10°  to  20°,  dimethylarsine  hydrobro- 
mide  is  decomposed  as  follows  : 

(CH3),AsH.HBr     =     (CH3),AsBr  +  H,. 

Aqueous  Hydr chromic  Acid  and  Dimethylarsine. 
When  1.95  grams  of  dimethylarsine  (i  mol.)  were  treated,  in 
a  sealed  tube,  with  4  grams  of  a  45  per  cent  solution  of  hy- 
dr obromic  acid  (excess  of  i  mol.)  no  reaction  was  observed 
even  after  standing  for  2  months  ;  the  arsine  remained  undis- 
solved as  an  upper  layer.  Opon  opening  the  tube  in  connec- 
tion with  a  Hempel  burette,  no  gas  was  given  off,  but  it  was 
found  that  the  contents  of  the  tube  fumed  in  the  presence  of 
air.  The  same  conditions  were  observed  even  after  heating  to 
95°  for  I  hour  ;  but  after  heating  to  125°  for  24  hours  a  quan- 
tity of  hydrogen  equal  to  more  than  one-half  of  the  hydrogen 
in  the  original  1.95  grams  of  arsine  was  collected  ;  the  liquid 
contents  of  the  tube  fumed  only  slightly  on  being  exposed  to 
the  air  ;  by  its  odor  and  immediate  precipitation  with  hydro- 
gen sulphide  it  was  easily  proved  to  contain  cacodyl  bromide. 
Thus  the  reaction  with  a  solution  of  hydrobromic  acid,  at  an 
elevated  temperature,  is  as  follows  : 

(CH3),AsH  -f  HBr  =  (CH3),AsBr  +  H,. 
Dry  Hydriodic  Acid  and  Dimethylarsine. 
Dimethylarsine  was  treated  with  dry  hydriodic  acid  as  with 
dry  hydrobromic  acid.  Their  contact  at  room  temperature 
was  attended  by  an  evolution  of  heat  and  the  formation  of  a 
white,  crystalline  mass,  which  soon  began  to  effervesce  and  to 
be  transformed  into  a  light  yellow  liquid,  this,  by  its  odor 
and  immediate  precipitation  from  an  aqueous  solution  by  hy- 
drogen sulphide,  was  identified  as  cacodyl  iodide.  The  rapid- 
ity of  the  decomposition  of  the  dimethylarsine  hydriodide,  ac- 
cording to  the  equation 

(CH3),AsH:HI     =     (CH3),AsI  +  H„ 

made  it  impossible  to  isolate  it  for  study  or  for  analysis. 
However,  a  determination  was  made  of  the  amount  of  hydro- 
gen evolved  by  a  given  amount  of  dimethylarsine  : 
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0.6248  gram  dimethylarsine  gave  150.5  cc.  hydrogen  at  747 
mm.  and  25°  ==  0.01175  gram  Hj. 

Theoretically,  0.648  gram  of  dimethylarsine  gives  0.01175 
gram  of  hydrogen.  Therefore,  dimethylarsine  was  nearly 
quantitatively  transformed  into  cacodyl  iodide  and  hydrogen, 
by  the  action  of  hydriodic  acid,  according  to  the  equation  : 

(CH3),AsH  +  HI    =    (CH3),AsH.HI    =    (CH3),AsI  +  H,. 

Parsons^  found  that  arsine  itself  is  not  acted  upon  by  halo- 
gen acids,  in  aqueous  solutions.  Janowsky  and  Napoli,'  however, 
found  that  it  reacts  with  dry  hydrochloric  acid.  From  con- 
sideration of  the  above  reactions  it  seems  very  probable  that 
both  dry  halogen  acids  and  their  aqueous  solutions  will  react 
with  arsine,  at  sufl&ciently  high  temperatures. 

Sulphuric  Acid  and  Dimethylarsine. 

When  6.6  grams  of  dimethylarsine  and  4.5  grams  of  sul- 
phuric acid  (sp.  gr.  1.84)  were  brought  into  contact,  in  a 
sealed  tube  containing  carbon  dioxide,  heat  was  produced  at 
the  planes  of  contact.  After  standing  for  some  time  the  con- 
tents of  the  tube  separated  into  liquid  layers,  a  heavy  white 
oil  and  a  lighter  liquid  of  a  pale  yellow  color.  Heating  3 
hours  increased  the  volume  of  the  lower  layer. 

lyarge,  colorless,  prismatic  crystals  slowly  formed  in  the 
lower  layer,  the  whole  of  which  became  solid  at  — 16°. 
Some  of  these  crystals  were  removed,  dried  on  a  clay  plate 
over  sulphuric  acid,  and  analyzed  : 

0.0979  gram  substance  gave  0.0706  gram  BaSO^. 

Calculated  for 
[(CH3)2AsH]2H2S04.  Found. 

S  10.32  990 

Dimethylarsonium  sulphate  decomposes  slowly  in  air,  and 
rapidly  in  water,  forming  sulphuric  acid  and  arsine. 

Cacodylic  acid  proved  to  be  present  in  the  lower  layer  of  the 
reaction  products.  By  adding  water  to  a  portion  of  it  and 
boiling  so  as  to  exclude  the  air,  all  arsine  passed  off,  leaving  a 
clear  solution  that  yielded  the  usual  tests  for  cacodylic  acid. 

1  Chem.  News,  35 ,  236. 

2  Ber.  d.  chem.  Ges.,  6,  220;  8,  1637.    Sill.  Am.  J.,  [2],  18,  190. 
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The  yellow  oil  constituting  the  upper  layer  (3  grams)  was 
separated  and  distilled.  It  was  found  to  boil  at  2io°-2i3° 
(cacody lie  sulphide  boils  at  211°)  and  possessed  the  peculiar 
odor  of  cacody lie  sulphide.  Equations  indicating  the  forma- 
tion of  cacodylic  sulphide  and  cacodylic  acid  are  as  follows  : 

2(CH3)AsH  +  H,SO,     =     [(CH3),As],S  +  2H,0  +  O, ; 
(CH3),AsH  +  O,     =     (CH3),AsOOH. 

When  dimethylarsine  is  passed  through  sulphuric  acid  for 
some  time,  as  in  the  case  of  the  sulphuric  acid  contained  in 
the  wash  bottle  beyond  the  condenser  in  the  preparation  of  di- 
methylarsine, a  copious  precipitate  of  arsine  trisulphide  is 
produced.     Too  little  data  is  available  to  explain  its  formation. 

Sulphuric  acid  is  reported  to  have  no  effect  on  arsine.^ 

The  Oxides  of  Nitrogen  and  Dimethylarsine. 

All  of  the  oxides  of  nitrogen,  except  nitrous  oxide,  attack  di- 
methylarsine at  ordinary  temperatures  and  are  reduced  to 
nitrous  oxide  or  nitrogen,  while  the  arsine  itself  is  variously 
oxidized,  cacodylic  acid  being  the  most  abundant  product. 

Nitrous  Oxide  and  Dimethylarsine. 

When  38.6  cc.  of  a  mixture  of  hydrogen  and  dimethylarsine, 
containing  20  per  cent  of  the  latter,  were  treated  with  41.4  cc. 
of  nitrous  oxide,  no  evident  reaction  resulted  after  standing  5 
minutes,  at  the  ordinary  temperature.  After  washing  with 
water  to  remove  the  nitrous  oxide,  the  gas  was  treated  with 
silver  nitrate  solution  ;  there  resulted  a  precipitation  of  silver 
and  a  contraction  equal  in  volume  to  that  of  the  arsine  pres- 
ent in  the  original  mixture,  therefore,  nitrous  oxide  has  no 
effect  on  dimethylarsine  at  ordinary  temperatures. 

Nitric  Oxide  and  Dimethylarsine. 

When  a  mixture  of  hydrogen  and  dimethylarsine  was 
treated  with  an  excess  of  nitric  oxide,  the  resulting  mixture 
did  not  fume  in  the  air  nor  precipitate  with  silver  nitrate  ; 
therefore,  the  arsine  was  completely  oxidized.  When  an  ex- 
cess of  arsine  was  used  the  resulting  gas  did  not  become  brown 

1  Ber.  d.  chem.  Ges.,  i6,  2947  ;  17,  209,  377,  674.    Z.  anal.  Chem.,  22,  147  ;  aa,  148. 
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on  mixing  with  air,  hence,  the  nitric  oxide  was  completely 
reduced.  In  both  cases  a  clouding  and  an  odor  suggestive  of 
cacodylic  oxide  were  manifest.  When  73.7  cc.  of  nitric  ox- 
ide were  treated  in  a  mercury  burette,  with  44.6  cc.  of  a  mix- 
ture of  hydrogen  and  dimethylarsine,  containing  20  per  cent 
of  the  latter,  a  contraction  of  15.3  cc,  equal  to  nearly  twice 
the  volume  of  arsine  involved,  resulted.  All  of  the  data  are 
best  expressed  by  the  following  equation  : 

2(CH3),AsH  +  4NO     =     [(CH3),As],0  +  H,0  +  2N,0. 
Nitrous  Acid  and  Dimethylarsine. 

When  0.79  gram  of  dimethylarsine  (i  mol.)  was  treated  in  a 
sealed  tube,  jQlled  with  carbon  dioxide,  with  2  grams  of  potas- 
sium nitrite  (4  mols.)  and  an  excess  of  hydrochloric  acid  (6 
mols.)  contained  in  50  cc.  of  water,  an  immediate  reaction  took 
place  ;  heat  was  generated  and  a  yellow-white  opacity  was 
imparted  to  the  solution.  On  opening  the  tube  99.8  cc.  of  gas 
were  collected  and  analyzed  ;  it  yielded  26  per  cent  of  carbon 
dioxide,  1 1  per  cent  of  unchanged  arsine  and  63  per  cent  of  a 
gas  which  gave  a  good  test  for  nitrous  oxide,  but  may  also 
have  contained  free  nitrogen.  The  aqueous  solution  in  the 
tube  was  proved  to  contain  unchanged  dimethylarsine,  cacodyl, 
cacodylic  acid  and  a  little  cacodylic  chloride.  Evidently  the 
main  reaction  was  : 

(CH3),AsH  -f  2HNO,     =:     (CH3),AsOOH  +  N,0  +  H,0. 

When  Parsons^  treated  arsine  with  nitrous  acid  he  obtained 
the  following  reaction  : 

12KNO,  +  6H,S0,  +  2ASH3     =     As  A  -f  12NO     + 
6K,S0,  +  9H,0. 

Nitrogen  Tetroxide  and  Dimethylarsine. 

Dimethylarsine  and  liquid  nitrogen  tetroxide,  in  equal 
molecular  proportions,  contained  in  small  bulbs,  were  sealed  in 
a  tube  filled  with  carbon  dioxide.  The  dimethylarsine  bulb 
was  first  broken  and  then  the  tip  of  the  capillary  of  the  nitro- 
gen tetroxide  bulb,  so  that  the  oxide  distilled  slowly  into  the 

I  Chem.  News,  35,  235. 
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vapors  of  the  dimethylarsine.  An  intense  flarae-reaction  re- 
sulted and  sufficient  heat  was  liberated  to  melt  the  sealed  tube 
at  the  point  of  the  reaction.  A  black  metallic  deposit,  a  white 
solid,  and  a  little  liquid  resulted.  On  opening  the  tube  great 
pressure  was  observed  ;  the  gas  was  proved  to  contain  nitrogen, 
but  none  of  its  lower  oxides.  Unchanged  arsine,  cacodyl, 
cacodylic  acid  (0.3  gram  acid — theory  2.3  grams)  and  the  black 
polymer  were  identified  as  the  oxidation  products.  The  last- 
mentioned  compound  probably  results  from  the  heat  (cf.  p.  9) 
of  the  following  reactions  : 

2(CH3),AsH  +  NA     =     2(CH3),AsOOH  +  N, ; 
8(CH3),AsH  +  NA     =     4[(CH3),As],  +  N,  +  4H,0. 

Action  of  Nitric  Acid  on  Dimethylarsine. 

When  0.83  gram  of  dimethylarsine  (i  mol.)  was  treated,  in 
a  sealed  tube,  with  1.4  grams  of  nitric  acid  (2  mols.),  con- 
tained in  30  cc.  of  water,  no  evident  reaction  was  manifest, 
even  after  heating  for  i  hour,  at  125°.  However,  when  0.69 
gram  of  dimethylarsine  (i  mol.)  and  5CC.  of  concentrated  nitric 
acid  (23  mols.)  were  brought  together  in  a  sealed  tube,  filled 
with  carbon  dioxide,  an  energetic  reaction  resulted  ;  red  and 
black  polymers  were  formed,  while  a  flame  and  much  heat 
were  produced.  The  gaseous  contents  of  the  tube  were  col- 
ored brown  by  the  presence  of  nitrogen  peroxide;  82.1  cc. 
were  collected  and  washed  with  water  (loss  8.9  cc),  then  with 
potassium  hydroxide  (loss  22.5  cc.)  ;  the  residual  gas 
proved  to  be  nitrogen.  The  liquid  contents  of  the  tube  were 
found  to  contain  arsenic  acid,  cacodylic  acid,  and  a  little  gray 
substance  which  was  insoluble  in  water  and  nitric  acid.  Here, 
as  with  nitrogen  tetroxide,  the  formation  of  the  polymers  may 
be  due  to  the  heat  of  the  reactions  : 

(CH,),AsH  +  4HNO3  =  (CH3),AsOOH  +  4NO,  +  2H,0  ; 
5(CH3),AsH  -f  4HNO3    =    5(CH3),AsOOH  +  2N,  +  2H,0. 

Evidently  other  reactions  are  necessary  to  account  for  the 
arsenic  acid  and  the  insoluble  substance.^ 

1  Of.  Primary  Arsines.     This  Journal,  33,  125,  144. 
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Chromic  Acid  and  Dimethylarsine. 

An  aqueous  solution  of  i  gram  (4  mols. )  of  chromic  anhy- 
dride was  treated,  in  a  sealed  tube,  with  0.91  gram  of  di- 
methylarsine (3  mols.).  An  immediate  reaction  was  observed, 
the  yellow  of  the  chromic  acid  solution  being  changed  gradually, 
during  24  hours,  to  a  deep  yellow  solution  and  there  being  precipi- 
tated a  dirty  green  solid,  with  a  few  heavy,  oily  drops.  After 
2  months  the  tube  was  opened  ;  the  gaseous  portion  and  the 
oily  drops  were  found  to  fume.  This  fuming,  its  odor  and 
boiling  point,  proved  the  oil  to  be  cacodyl  and  not  unchanged 
arsine.  The  dirty  green  precipitate  was  washed  successively, 
with  water,  alcohol  and  ether,  then  dried  at  100°  and  identified, 
by  its  loss  in  weight,  as  chromium  hydroxide.  By  ignition 
0.0437  gram  gave  0.0323  gram  or  a  loss  of  26  per  cent. 
Chromium  hydroxide  loses  26.09  per  cent. 

The  green  solution  was  filtered,  treated  with  an  excess  of 
ammonia,  boiled  and  filtered  free  from  chromium  hydroxide. 
After  evaporating  on  the  water-bath  crystals  of  cacodylic  acid 
were  found.  Therefore,  dimethylarsine  is  oxidized  by  chromic 
acid  as  follows  : 

6(CH3),AsH  +  2H,CrO,  = 

3[(CH3),As],  +  2Cr(OH)3  +  2H3O  ; 
3(CH3),AsH  +  4H,CrO,  +  2H,0  = 

3(CH3),AsOOH  +  4Cr(OH)3 

It  will  be  observed  that  an  excess  of  chromic  acid  is  favorable 
to  the  formation  of  cacodylic  acid,  while  small  quantities  of 
chromic  acid  oxidize  the  arsine  to  the  cacodyl  stage  only. 

Parsons  reports  that  chromic  acid  has  no  effect  on  arsine 
itself.' 

PotassitMn  Bichromate  and  Dimethylarsine. 

When  a  mixture  of  dimethylarsine  and  hydrogen  is  treated 
in  a  Hempel  burette,  with  excess  of  an  aqueous  solution  of 
potassium  bichromate,  a  loss  in  volume  equal  to  the  arsine  pres- 
ent is  produced.  For  instance,  when  such  a  gaseous  mixture, 
known  to  contain  21.7  per  cent  of  arsine,  was  treated  in  this 

>  Chem.  News,  35,  236. 
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manner,  two  determinations  gave  losses  of  2 1 . 5  per  cent  and  21.7 
per  cent,  respectively.  When  the  arsine  comes  into  contact  with 
the  potassium  bichromate,  an  immediate  darkening  of  the  latter 
is  observed  and  there  is  precipitated  an  amorphous  solid  of  a 
brown-red  color.  When  o.  67  gram  of  dimethy larsine  ( i  mol. )  was 
treated,  in  a  sealed  tube,  with  3  grams  of  potassium  bichromate 
(nearly  2  mols.)  an  immediate  brown-black  darkening  of  the 
solution  was  observed.  Upon  opening  the  tube  the  odor  of 
arsine  had  disappeared.  The  brown-red  precipitate  was  filtered, 
washed  and  dried  at  100°.  Upon  igniting,  0.0301  gram  of  this 
solid  and  0.0223  gram  of  a  dark  green  solid  resulted. 
According  to  the  equation^ 

2CrO,.H,0     =     CrA  +  O  +  2H,0, 

there  should  result  0.0222  gram  of  chromium  trioxide. 

Molyhdic  Acid  and  Dimethy  larsine. 

When  2. 13  grams  of  dimethylarsine  ( i  mol. )  were  treated,  in 
a  sealed  tube,  with  6  grams  of  molybdic  acid  (2  mols.)  and  25 
cc.  of  water,  a  slow  reaction  was  noticed — the  white,  insoluble 
acid  gradually,  during  1-7  days,  changed  through  slate,  green- 
white  and  blue,  to  a  blue-black  color.  On  opening  the  tube  no 
odor  of  arsine  was  detected  ;  the  clear,  aqueous  solution  gave, 
by  evaporation,  well  formed  crystals  of  cacodylic  acid.  The 
precipitate,  when  wet  by  liquids,  possessed  a  beautiful,  iri- 
descent, royal-purple  hue,  but  when  dry  was  blue-black  in 
color.  It  was  washed  by  decantation,  first  with  water,  then 
with  concentrated  ammonia,  to  extract  the  unchanged  molyb- 
dic acid.  The  residue,  blue-black  in  color  and  insoluble  in 
ammonia,  was  dried  at  100*'  and  ignited  to  a  dull  red  heat.  It 
was  found  to  lose  weight,  change  to  the  white  or  light 
yellow  of  molybdic  acid,  and  become  easily  soluble  in  ammonia. 
On  igniting  0.5410  gram  of  the  solid,  0.5148  gram  resulted  ; 
according  to  the  equation 

2MoO,.H,0  +  O,     =-     2M0O3  -}-  2H,0, 

there   should   result   0.5148   gram,  therefore,  the  blue-black 

»  Ann.  Chim.  Phys.,  [5],  ai,  199. 
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solid  was  hydrated   molybdenum  dioxide  and  the  reaction  of 
molybdic  acid  with  dimethylarsine  was  : 

2H,MoO,  +  rCH3),AsH     = 

(CH3),AsOOH  +  2MoO,.H,0. 

Lead  Peroxide  and  Dimethylarsine. 

When  0.66  gram  of  dimethylarsine  (i  mol.),  15  grams  of 
lead  peroxide  (i  mol.)  and  50  cc.  of  water  were  brought  into 
contact,  in  a  sealed  tube,  a  slow  reaction  was  noticed  ;  the 
peroxide  was  gradually  replaced  by  a  metallic  mirror  and 
granular  particles  of  lead,  while  the  water  was  rendered 
opaque  by  a  white,  amorphous  precipitate.  After  a  number 
of  days  the  tube  was  opened  and  its  contents  were  found  to 
fume  and  to  give  off  an  odor  suggestive  of  cacodyl  rather 
than  that  of  unchanged  arsine.  The  metallic  particles  were 
easily  identified  as  lead  ;  the  aqueous  solution  was  proved  to 
contain  cacodylic  acid.  On  standing,  or  treating  with  carbon 
dioxide,  the  aqueous  solution  was  found  to  deposit  a  more  vol- 
uminous precipitate,'  therefore,  lead  cacodyl  ate  was  in  solu- 
tion and  the  reactions  of  lead  peroxide  with  dimethylarsine  are 
as  follows  : 

4(CH3XAsH  +  sPbO,     = 

2  [(CH3),AsOO],Pb  +  3Pb  +  2H,0  ; 
4(CH3),AsH  +  PbO,     =     2[(CH3),As],  +  Pb  +  2H,0. 

Anhydrous  Ferric  Chloride  and  Dimethylarsine. 

When  3.1  grams  of  anhydrous  ferric  chloride  (2  mols.)  in 
ether  solution,  were  treated,  in  a  sealed  tube,  with  1.2  grams  of 
dimethylarsine  (excess  i  mol.)  there  resulted  an  immediate 
voluminous  precipitate  of  ferrous  chloride  ;  on  being  filtered 
from  the  ether  solution  and  washed  with  ether,  then  with 
water,  it  gave  Turnbull's  blue  with  potassium  ferricyanide, 
but  no  pink  coloration  with  potassium  thiocyanate.  The 
ether  solution  had  the  odor  of  cacodyl  chloride,  which  was 

1  Cacodylic  acid  dissolves  lead  peroxide  or  lead  hydroxide  but  uot  metallic  lead  or 
lead  carbonate.  A  neutral  solution  of  lead  hydroxide  in  cacodylic  acid  gives  a  white 
amorphous  precipitate  on  being  treated  with  carbon  dioxide. 
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identified  as  such  by  treatment  with  hydrogen  sulphide.     The 
reaction  was  as  follows  : 

(CH,),AsH  -h  2FeCl3     =     (CH3),AsCl  +  2FeCl,  +  HCl. 

Napoli  concludes^  that  the  action  of  ferric  chloride  on  arsine  is 

3FeCl3  +  ASH3     =     3FeCl,.AsCl3  +  3H. 

Cacodyl  Chloride  and  Dimethylarsine. 

When  molecular  quantities  of  dimethylarsine  and  cacodyl 
chloride  were  mixed  in  a  sealed  tube  and  heated  2-3  hours,  at 
100°,  an  oil,  less  mobile  than  the  original  substances,  was  ob- 
tained. On  cooling  to  — 20°  the  oil  crystallized  in  large,  beau- 
tiful, white  crystals  ;  it  was  identified  as  cacodyl  by  its  melt- 
ing point,  its  boiling  point  and  its  inflammability  in  air.  As 
hydrochloric  acid  was  detected  on  opening  the  tube,  the  fol- 
lowing equation  is  justified  : 
(CH3)3AsH  +  (CH3),AsCl  =  (CH3),As.As(CH3),  +  HCl. 
Platinic  Chloride  and  Dimethylarsine. 

A  bulb  containing  0.8  gram  of  dimethylarsine  and  20  drops 
of  a  10  per  cent  solution  of  platinic  chloride  were  sealed  in  a 
tube  filled  with  carbon  dioxide.  The  capillary  of  the  bulb 
was  broken  so  that  the  arsine  distilled  slowly  into  the  tube ;  a 
brown-red  precipitate  was  first  formed,  but  it  finally  gave  way 
to  a  bright  yellow  one.  The  tube  was  heated  an  hour,  at 
130°  ;  on  cooling,  complete  solution  of  the  precipitate  and  a 
heavy  oil  were  noticed.  On  opening  the  tube  an  increase  of 
56.8  cc.  of  gas  was  observed  ;  after  freeing  from  carbon  diox- 
ide and  unchanged  dimethylarsine,  the  residue,  28.8  cc. , 
proved  to  be  hydrogen. 

Another  tube,  prepared  as  above  and  kept  at  the  room  tem- 
perature for  a  number  of  days,  also  yielded  hydrogen,  but  the 
yellow  solid  remained  largely  undissolved. 

After  freeing  the  tube  from  the  excess  of  dimethylarsine  by 
exhausting  with  the  pump,  the  contents,  a  heavy  oil  pos- 
sessing fuming  properties,  proved  to  be  cacodyl.  After  the 
latter  was  oxidized  cacodyl  chloride  was  detected  by  its  odor 
and  its  precipitation  with  hydrogen  sulphide. 

1  J.  prakt.  Chem.,  64,  93. 
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When  0.59  gram  of  dimethylarsine  (2  mols.)  was  treated 
with  4  cc.  of  a  10  per  cent  solution  of  platinic  chloride  (i  mol.) 
and  the  solution  was  evaporated  nearly  to  dryness,  light  yel- 
low, compact  crystals  were  obtained.  They  were  washed, 
dried  and  analyzed : 

0.028  gram  substance,  dried  at  110°,  gave  0.0084 gram  Pt. 

Crystals  from  another  sample  were  analyzed  : 

0.1048  gram  substance  gave  0.0348  gram  Pt. 


Calculated  for 
[(CH3)2AsH]2H2PtCl,. 

I. 

Found. 

II. 

31-57 

30.00 

33-^ 

Pt 

Evidently  the  substances  formed  were  not  homogeneous ; 
this  conclusion  is  confirmed  by  the  following  experiments  : 

When  gaseous  dimethylarsine  was  passed  through  a  10  per 
cent  solution  of  platinic  chloride,  at  ordinary  temperatures,  so 
that  the  latter  was  always  present  in  excess,  no  hydrogen  was 
formed,  but  a  copious,  dark  brown  precipitate.  It  was  washed 
with  water,  alcohol  and  ether,  then  dried  and  analyzed  : 

0.0639  gram  substance,  dried  in  vacuum  desiccator,  gave 
0.0248  gram  Pt  ^=  38.81  per  cent. 

0.0839  gram  substance,  dried  at  78°,  gave  0.0345  gram  Pt  = 
41.12  per  cent. 

0.2362  gram  substance,  dried  at  100°,  gave  0.0990  gram  Pt 
=  41.91  per  cent. 

0.0819  gram  substance,  dried  at  110°,  gave  0.0345  gram  Pt 
=  42. 12- per  cent. 

0.0854  gram  substance,  dried  at  120°,  gave  0.0360  gram  Pt 
=  42.15  per  cent. 

0.1738  gram  substance,  dried  at  130°,  gave  0.0759  gram  Pt 
=  43.65  per  cent. 

Theory  for  (CH3),AsHHjPtClg  ==  38.10  per  cent. 

Theory  for  (CHJ.AsClPtCl,  =  41.12  per  cent. 

Evidently,  when  platinic  chloride  is  present  in  excess,  i 
molecule  of  dimethylarsine  unites  with  i  molecule  of  platinic 
acid  and,  as  seen  above,  when  the  dimethylarsine  is  present  in 
excess,   2  molecules  of  it  unite  with  i  of  platinic  acid.     The 
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formation  of  hydrogen  and  of  (CH3)2AsClPtCl^  can  be  ex- 
pressed by  the  equation 

(CH3),AsH.H,PtCle     =     (CH3),AsCl.PtCl,  +  H,  +  HCl. 

However,  the  above  data  and  studies  are  too  limited  to  draw 
definite  conclusions,  either  as  to  the  composition  of  the  various 
precipitates  or  as  to  their  decompositions. 

Bunsen  describes^  a  platinic  chloride  salt  of  cacodyl  chloride 
that  agrees  in  composition  with  the  formula 

(CH3),AsClPtO.H,0. 

He  obtained  a  red-brown  precipitate  and  recrystallized  it  from 
hot  water,  by  which  it  was  changed  to  colorless  needles  ;  we 
obtained  the  red-brown  substance  by  his  method  and  dried  it 
in  vacuum,  when  it  gave  the  following  results  on  analysis  : 

0.125  gram  substance  gave  0.0312  gram  Pt  =  24.96  per 
cent. 

At  70°  this  red-brown  substance  gave  off  fumes  of  cacodyl 
chloride  and  changed  to  a  lemon-yellow  color.  It  was  heated 
to  constant  weight  and  analyzed  : 

0.1240  gram  substance  gave  0.0487  gram  Pt  ==  38.54  per 
cent,  a  value  that  agrees  closely  with  Bunsen' s  (38.34)  and 
with  the  theory  of  the  substance  he  describes  (38.48).  Evi- 
dently this  compound,  like  the  platinic  chloride  salts  of  di- 
methylarsine,  decomposes  even  by  mild  heating  and,  as  was 
determined  by  experiment,  varies  largely  in  composition  accord- 
ing to  the  method  of  preparation. 

Soubeiran^  and  Simon*  claimed  that  arsine  precipitated  me- 
tallic platinum  from  platinic  chloride  solutions  ;  Napoli*  gives 
the  following  equation  : 

3PtCl,  +  2ASH3     -=     3Pt.2AsCl3  +  6H, 

while  Tivoli^  holds  that  the  composition  of  the  precipitate  is 
HAsPtO.  A  closer  study  of  the  platinum  and  other  salts  of 
the  arsines  will  be  made  during  the  year. 

1  Jahres.  d.  Chem.,  ai,  500. 

2  Ann.  Chim.  Phys.,  43,  407. 

«  Pogg.  Ann.,  4a,  563.    Jahres.  d.  Chem.,  1839,  p.  138. 

*  J.  prakt.  Chem.,  64,  93. 

*  Gazz.  chim.  ital.,  14,  487.    Jahres.  d.  Chem.,  1884,  p.  459. 
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Auric  Chloride  and  Dimethylarsine. 

When  an  excess  of  dimethylarsine  (8  mols.)  was  treated,  in 
a  sealed  tube,  with  an  aqueous  solution  of  gold  chloride,  an 
immediate  precipitation  and  decolorization  of  the  solution  re- 
sulted. The  first  contact  of  the  arsine  with  the  solution  gave 
rise  to  a  light  yellow,  flocculent  precipitate  that  was  replaced, 
on  mixing  thoroughly,  by  a  brown-black  precipitate  and  a  few 
golden  flakes.  The  tube  was  opened  and  the  excess  of  arsine 
was  removed  by  heating  on  the  water-bath  and  exhausting 
with  the  pump.  The  precipitate  was  washed  with  water, 
alcohol  and  ether  and  dried  at  iio°.  Samples  from  two  differ- 
ent experiments  were  analyzed  : 

0.0345  gram  substance  gave  0.0377  gram  gold  =  93.62  per 
cent. 

0.0499  gram  substance  gave  0.0488  gram  gold  =  97-77  per 
cent. 

The  solution  contained  cacodyl,  cacodyl  chloride  and  caco- 
dylic  acid. 

Napoli^  considers  the  action  of  gold  chloride  on  arsine  to  be 
as  follows  : 

AUCI3  +  ASH3     =     Au.AsCla  +  3H. 

Silver  Nitrate  and  Dimethylarsine. 

When  gaseous  dimethylarsine  is  treated  with  an  excess  of 
silver  nitrate  solution,  the  former  is  completely  absorbed  and 
the  latter  suffers  a  precipitation  of  a  silver-like  mirror  or  a 
gray-black,  granular  solid.  When  a  mixture  of  dimethylar- 
sine and  an  inert  gas,  such  as  hydrogen,  is  shaken  with  silver  ni- 
trate solution,  it  loses  its  arsine  completely,  as  is  shown  by  the 
loss  of  its  fuming  property  when  treated  with  air  and  also  by 
the  loss  of  its  odor. 

When  0.074  gram  of  dimethylarsine  (i  mol.)  was  treated, 
in  a  sealed  tube,  with  1.2  grams  of  silver  nitrate  (i  mol.),  dis- 
solved in  24  cc.  of  water,  an  immediate  reaction  took  place  ; 
heat  was  evolved,  the  inner  walls  of  the  tube  were  coated  with 
a  silver  mirror,  and  a  large  quantity  of  the  black,  granular 

1  J.  prakt.  Chem.,  64,  93. 
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precipitate  was  formed.  After  washing  with  water,  alcohol 
and  ether,  and  drying  at  95°, 

0.4380  gram  substance  gave  0.5658  gram  of  AgCl  =  97.29 
per  cent  Ag. 

Though  largely  composed  of  silver,  in  this  case,  evidently, 
other  products  are  formed. 

For  the  various  opinions  of  the  reactions  of  arsine  with  sil- 
ver nitrate,  consult  Gmelin-Kraut's  "  Handbuch  der  Chemie." 

Potassium  Ferricyanide  and  Dimethylarsine. 

When  0.93  gram  of  dimethylarsine  (i  mol.)  was  treated 
with  an  aqueous  solution  of  10  grams  of  potassium  ferricyanide 
(less  than  4  mols.)  and  2  grams  of  potassium  hydroxide  (less 
than  5  mols.),  an  immediate  change  of  color  to  the  yellow  of 
potassium  ferrocyanide  resulted.  In  the  reaction  product 
potassium  ferrocyanide,  cacodyl  and  potassium  cacodylate 
were  identified.  No  potassium  ferricyanide  was  found.  There- 
fore, the  reaction  was  quantitative  according  to  the  equations  : 

4K3Fe(CN),  +  5KOH  +  (CH3),AsH     = 

4K,Fe(CN),  +  (CH3XASOOK  +  3H,0  ; 

4K3Fe(CN),  +  4KOH  +  4(CH3),AsH     = 

2[(CH3),As],  +  4H,0  +  K,Fe(CNX. 

Parsons^  concludes  that  none  of  the  cyanic  acids  aflfect  arsine. 
Mercuric  Chloride  and  Dimethylarsine. 

When  I  molecule  of  mercuric  chloride,  in  ether  solution, 
was  treated  in  a  sealed  tube,  with  a  slight  excess  of  i  molecule 
of  dimethylarsine,  a  flocculent,  white  precipitate  was  formed, 
but  soon  disappeared  with  the  production  of  metallic  mercury. 
On  openihg  the  tube,  the  ether  solution  was  evaporated  ;  the 
residue  contained  no  mercury  and  possessed  the  odor  of  caco- 
dyl chloride,  which  was  further  identified  by  the  hydrogen 
sulphide  test.  Therefore,  the  dimethylarsine  reduced  the 
mercuric  chloride,  quantitatively,  to  metallic  mercury,  accord- 
ing to  the  equation 

1  Chem.  News,  35,  236. 
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(CH3),AsH  +  HgCl,     =     (CH3),AsCl  +  Hg  +  HCl, 
with  the  probable  intermediate  reaction' 
(CH3),AsH  +  2HgCl     =     (CH3),AsCl  +  2HgCl  +  HCl. 
Sulphur  and  Dimethylarstne. 

Sulphur  reacts  readily  with  dimethylarsine,  forming  differ- 
ent sulphides  according  to  the  quantity  of  sulphur  used. 

When  1.278  grams  of  dimethylarsine  (2  mols.)  were  treated, 
in  a  sealed  tube,  with  0.8  gram  of  flowers  of  sulphur  (excess  3 
atoms)  a  gradual  solution  of  the  sulphur  was  noticed  and  the 
reaction  was  complete  in  24  hours,  at  ordinary  temperatures, 
the  sulphur  having  changed  to  a  white,  crystalline  solid.  On 
opening  the  tube  there  was  observed  no  arsine,  but  a  pres- 
sure of  hydrogen  sulphide  and  a  strong  odor  resembling  asa- 
foetida.  The  contents  of  the  tube  were  extracted  with  hot 
alcohol,  filtered,  evaporated  to  dryness  and  the  residue  crys- 
tallized from  ether.  Small,  granular  crystals  were  obtained, 
having  the  characteristic  odor  of  cacodyl  sulphide.  They 
melted  at  50°,  the  melting  point  obtained  by  Bunsen^  for  caco- 
dyl sulphide,  [(CH3)2As]2S2 : 

2(CH3),AsH  +  3S     =     [(CH3),As],S2  +  H,S. 

When  sulphur  is  used  in  smaller  proportions,  liquid  cacodyl 
sulphide^  is  formed.  When  3.9  grams  of  dimethylarsine  (2 
mols.)  were  brought  into  contact  with  i  gram  of  sulphur  (less 
than  I  mol.),  immediate  reaction  was  shown  by  the  evolution 
of  heat ;  the  solution  was  complete  after  standing  2-3  days. 
On  opening  the  tube  hydrogen  sulphide,  but  no  arsine,  was 
given  off.  On  distilling  the  liquid  content  of  the  tube  it  was 
found  to  boil  mostly  at  211°  ;  the  last  fraction,  boilingat  211°- 
220°,  deposited  crystals  in  the  tube  of  the  condenser  ;  a  resid- 
ual red  oil  was  identified  as  arsine  trisulphide.  The  fraction 
boiling  at  211°  was  analyzed  : 

0.1526  gram  liquid  gave  0.1428  gram  BaSO^. 

'  Cf.  Primary  Arsines.  This  Journal,  33,  127.  For  the  reactions  of  arsine  with 
mercuric  chloride,  vide  Ann.  Chim.  Phys.,  33,  355.  Pogg.  Ann.,  9,  308  ;  51,  423. 
Compt.  rend.,  79,  118.    Chem.  News,  34,  167.    Jahres.  d.  Chem.,  31,  112. 

2  Ann.  Chem.  (Iviebig),  46,  16. 

i  Ibid.,  37,16. 
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Calculated  for 

[(CHaJjAsJjS.  Found. 

S  13.22  13.15 

On  standing  in  contact  with  air,  the  oil  formed  a  white, 
crystalline  solid  consisting  of  cacodylic  acid  and  cacodyl  di- 
sulphide.  This  is  in  accordance  with  the  properties  of  caco- 
-dy   monosulphide  as  described  by  Bunsen. 

Therefore,  the  reaction  of  dimethylarsine  with  a  small  quan- 
tity of  sulphur,  is  as  follows  : 

2(CH3)AsH  +  2S     =     [(CH3),As],S  +  H,S. 

The  above  mentioned  crystals,  formed  in  the  tube  of  the 
condenser,  were  pure  white,  glistening  needles  that  were  solu- 
ble in  chloroform,  carbon  bisulphide  and  alcohol,  but  were  in- 
soluble in  ether.  They  melted  at  177°. 5  and  had  a  peculiar 
mercaptan-like  odor. 

Calculated  for 
(CH3)3AsS.  Found. 

S  21.05  21.31 

Their  formation  may  be  expressed  by  the  equation  : 

6(CH3),AsH  +  loS     =     4(CH3)3AsS  +  3H,S  +  As^- 

The  reactions  of  arsine  with  sulphur  are  reported  to  be  as 
follows:^ 

2ASH3  +  38  =  2As  +  3H,S  ; 
2ASH3  +  3S,  =  AsA  +  3H,S. 
Sulphur  Dioxide  and  Dimethylarsine. 

When  2.17  grams  of  dimethylarsine  (i  mol.)  and  1.5  grams 
of  liquid  sulphur  dioxide  (excess  of  i  mol.)  were  brought  to- 
gether in  a  sealed  tube,  immediate  reaction  took  place ;  much 
heat  was  liberated  and  an  orange-colored  liquid  was  formed 
which,  on  standing,  changed  almost  entirely  to  a  white,  crys- 
talline solid.  On  opening  the  tube  there  was  observed  a  slight 
pressure  of  a  gas  which  contained  no  sulphur  dioxide,  hydro- 
gen sulphide,  or  dimethylarsine,  but  which  had  the  odor  of 
Asafcetida, 

The  small  quantity  of  liquid  was  poured  from  the  tube  into 

>  Gmelin-Kraut :  "  Handbuch  der  Chemie." 
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a  beaker,  when  it  immediately  began  to  deposit  crystals  which 
were  found  to  melt  at  50°,  the  melting-point  of  cacodyl  disul- 
phide.  The  crystalline  solid  in  the  tube  was  dissolved  in  hot 
alcohol  and  its  solution  evaporated  to  dryness  on  the  water- 
bath  ;  it  gave  a  residue  difl&cultly  soluble  in  ether.  The  first 
ether  extract  gave  white  needles  which  melted  at  165°-!  70°, 
(CH3)3AsS  melts  at  170'',  The  second  ether  extract  gave  an- 
other crystalline  solid  which  melted  at  110°  ;  CHjAsS  melts 
at  that  temperature.'  The  solid,  left  after  extracting  the 
ether,  was  found  to  contain  cacodylic  acid.  Therefore,  it  is 
evident  that  cacodyl  disulphide,  methylarsine  sulphide,  tri- 
methylarsine  sulphide  and  cacodylic  acid  are  products  of  the 
action  of  liquid  sulphur  dioxide  on  dimethylarsine.  The  re- 
actions are  represented  by  the  equations : 

7(CH3),AsH  +  4SO,     = 

2(CH3)3AsS  +  2CH3ASS  +  3(CH3),AsOOH  +  2H,0r 
7(CH3),AsH  +  4SO,     = 

2[(CH3),As]A  +  3(CH3),AsOOH  +  2H,0. 

Disulphur  Dichloride  and  Dimethylarsine. 

It  was  found  by  Michaelis  and  Luxenbourgh*  that  when 
disulphur  dichloride  acted  upon  dimethylamine,  an  oil,  dithio- 
dimethylamine,  [(CH3)2N]2S2,  was  formed.  It  was  expected 
that  treatment  of  dimethylarsine  with  the  same  reagent  would 
give  dithiodimethylarsine  or  cacodyl  disulphide  ;  but  it  was 
found  that  the  reaction  proceeds  further,  disulphur  dichloride 
acting  as  a  chlorinating  agent,  formed  cacodyl  chloride  and 
deposited  free  sulphur. 

When  2  molecular  proportions  (1.9  grams)  of  dimethylarsine 
were  mixed  carefully  with  i  of  disulphur  dichloride  (1.2  grams) 
much  heat  was  evolved  and  a  yellow  solid  separated  from  the  re- 
action-mixture. On  opening  the  tube  hydrogen  sulphide  was  ob- 
served. The  contents  of  the  tube  were  extracted  with  ether 
and  the  ether  solution  was  evaporated.  The  residue,  smelling 
strongly  of  cacodyl  chloride,  was  dissolved  in  water  and  iden- 
tified by  its  immediate  precipitation  with  hydrogen  sulphide. 

1  Ann.  Chem.  (I^iebig),  107,  269. 

2  Ber.  d.  chem.  Ges.,  28,  166. 
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The  yellow  solid,  insoluble  in  ether,  melted  at  iH^-S  ;  rhombic 
«ulphur  melts  at  that  temperature.  Therefore,  the  above  re- 
action was  as  follows  : 

2(CH3)3AsH  +  S,C1,     =     2(CH3),AsCl  +  S  +  H,S. 
Stannic  Chloride  and  Dimethylarsine. 

When  stannic  chloride  reacts  with  dimethylarsine  a  reduc- 
tion to  metallic  tin  does  not  take  place,  but  hydrochloric  acid 
is  eliminated  and  the  compound  dimethylarsine  chlorstannide, 
<CH3),As.SnCl3,  is  formed.  This  reaction  is  analogous  to  the 
formation  of  (C.HJ.N.SiCl,,  (C,H6),N.BC1„  etc.,  from  dimethyl- 
amine.* 

When  2  grams  of  dimethylarsine  (i  mol.)  and  4.9  grams  of 
stannic  chloride  (i  mol.)  were  brought  into  contact,  in  a  sealed 
tube,  they  reacted  violently  with  a  flame  and  the  liberation  of 
much  heat,  a  white,  crystalline  solid  being  produced.  When 
one  end  of  the  tube  was  heated  at  100°,  the  solid  sublimed  to 
the  cooler  part,  where  it  formed  large,  beautiful,  colorless 
needles,  some  attaining  the  length  of  2  cm.  Dimethylarsine 
chlorstannide  is  quite  stable  in  dry  air,  but  is  liquefied  slowly 
by  moist  air.  It  has  a  very  penetrating  and  disagreeable 
odor.  It  is  easily  soluble  in  ether  and  carbon  bisulphide,  but 
less  so  in  chloroform. 

I.  0.0314  gram  substance  required  0.0479  gram  AgN03. 

II.  0.1674  gram  substance  required  0.2559  gram  AgNO,. 

Calculated  for  Found. 

(CH3)2As.SnCl8.  I.  II- 

CI  32.22  31.91  31.80 

Phosphorus  Trichloride  and  Dimethylarsine. 

When  phosphorus  trichloride  (5.5  grams)  reacted,  in  a 
•sealed  tube,  with  i  molecular  proportion  of  dimethylarsine  (5 
^rams)  heat  was  evolved  and  an  orange-yellow  solid  was  pre- 
<;ipitated. 

On  opening  the  tube  a  pressure  of  hydrochloric  acid  and  an 
•odor  of  cacodyl  chloride  were  observed.  The  cacodyl  chloride 
was  identified  by  the  boiling  point  (100°)  and  its  immediate 
precipitation  from   a   water  solution   by  hydrogen   sulphide. 

*  Ber.  d.  chem.  Ges.,  ap,  710. 
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The  orange  solid  was  found  to  be  insoluble  in  all  ordinary  or- 
ganic solvents  and  to  contain  no  arsenic.  It  was  not  obtained 
sufficiently  pure  for  satisfactory  analysis,  but  its  high  per  cent 
of  phosphorus  makes  it  probable  that  it  is  (CHjP);^,  or  the 
compound  (CHg)^?^/  with  which  it  agrees  in  properties. 

Janowsky^  found  that  arsine  and  phosphorus  trichloride  re- 
acted as  follows  : 

PCI3  +  ASH3     =     PAs  +  3HCI. 

Arsenic  Trichloride  and  Dimethylarsine. 

Four  and  a  half  grams  of  dimethylarsine  (i  mol.)  and  7.8 
grams  of  arsenic  trichloride  (i  mol.)  reacted  at  ordinary  tem- 
peratures, liberating  heat  and  forming  an  oil  and  a  dark  brown 
solid.  The  reaction  products  were  extracted  with  chloroform 
and  the  chloroform  solution,  which  smelled  of  cacodyl  chlor- 
ide, was  distilled.  After  the  chloroform  had  been  removed  the 
temperature  rose  to  ioo°-io4°  ;  the  distillate  was  identified  as 
cacodyl  chloride.  After  washing  with  chloroform,  alcohol  and 
ether  and  drying  at  110°,  the  brown,  amorphous  solid  was 
analyzed  : 

0.4089  gram  substance  gave  0.71 16  gram  Mg2P20,. 

Calculated  for 

(CHsAs)^  Found. 

As  83.33  84.25 

The  substance  was  probably  the  polymer  (CHjAs);^  and 
some  free  arsenic.  The  equation  representing  the  reaction  is, 
perhaps, 

2(CH3),AsH  +  ASCI3    =    (CH3),AsCl  +  (CHgAs);^  +  2HCI. 

Janowsky^  found  that  arsine  and  arsenic  trichloride  reacted 
as  follows  : 

ASH3  +  ASCI3      =      2As  +  3HCI. 
Antimony  Trichloride  and  Dimethylarsine. 

Dimethylarsine  (3.8  grams)  was  brought  into  contact,  in  a 
sealed  tube,  with  i  molecular  proportion  of  antimony  trichlor- 

1  Ann.  Chem.  (Liebig),  104,  4. 
*  Ber.  d.  chem.  Ges.,  6,  216. 
Ibid.,  6,  219. 
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ide  (8  grams)  ;  a  heavy,  transparent  oil  and  a  black,  metallic 
deposit  resulted.  After  heating  5  hours,  at  100°,  considerable 
pressure  was  observed  ;  on  opening  the  tube  a  gas  (stibine), 
which  gave  an  antimony  mirror,  was  evolved.  The  black 
deposit  was  separated  from  the  oil  by  means  of  ether  and  hy- 
drochloric acid  and  identified  as  metallic  antimony.  Cacodyl 
chloride  was  easily  recognized  in  the  reaction  products,  by  its 
odor  and  its  precipitation  as  cacodyl  sulphide.  The  heavy  oil 
decomposed  at  ordinary  temperatures,  giving  off  a  gas  and  de- 
positing metallic  antimony.  It  was  probably  an  intermediate 
product  of  the  action.  The  reactions,  at  least  in  part,  are  as 
follows  : 

3(CH3),AsH  +  SbCl3     =     3(CH3),AsCl  -f  SbHj  ■ 
3(CH3),AsH  -f  2SbCl3     =     3(CH3),AsCl  +  aSb  -f  3HCI. 

Dihromsuccinic  Acid  and  Dimethylarsine. 

When  dihromsuccinic  acid  (2  grams)  was  treated,  in  a  sealed 
tube,  with  1.5  grams  of  dimethylarsine  (2  mols.)  there  was  an 
immediate  precipitation  of  a  white,  crystalline  solid.  Na 
pressure  was  observed  on  opening  the  tube.  After  washing 
with  ether  and  recrystallizing  from  water,  the  crystals  melted 
at  185°  and  gave  no  test  for  bromine  or  arsenic.  Therefore, 
they  were  succinic  acid,  which  melts  at  185°.  Cacodyl  bro- 
mide was  identified  in  the  ether  solution.     The  reaction  was 

C,H,Br,(COOH),  +  2(CH3),AsH     = 

C,H,(COOH),  +  2(CH3),AsBr. 

Aromatic  Secondary  Ar  sines. 

These  arsines,  like  the  aliphatic  secondary  arsines,  can  be  pre- 
pared by  reducing  the  corresponding  arsinic  acids,  no  differ- 
ence in  the  ease  of  their  redactions  being  noticeable. 

Diphenylarsinic  acid,  (C6H5)jAsOOH,  was  chosen  for  reduc- 
tion because  of  the  ease  with  which  it  can  now  be  prepared  and 
purified.  It  was  first  obtained  by  Michaellis  and  L,a  Coste^ 
from  diphenylarsine  trichloride,  the  transformation  being 
quantitative,  according  to  the  equation  : 

1  Ann.  Chem.  (I,iebig),  201,  231. 
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(C,H,),AsCl3  +  2H,0     =     (C«H,),AsOOH  +  3HCI. 

The  trichloride  is  formed  by  chlorinating  diphenylarsine  chlor- 
ide, 

(CeH,),AsCl  +  CI,     =     (C,H,),AsCl, 

Having  the  monochloride,  it  is  only  necessary,  therefore,  to 
cover  it  with  water,  saturate  with  chlorine  or  bromine,  and 
to  warm,  when  complete  transformation  to  the  diphenylarsinic 
acid  results,  according  to  the  two  equations  mentioned  above. 
The  only  difiSculty  hitherto  involved  has  been  the  preparation 
of  pure  diphenylarsine  chloride.  It  has  been  produced,  up  to 
the  present,  by  the  application  of  Michaelis'  general  method  for 
the  formation  of  secondary  aromatic  compounds.^ 

The  trialphylarsine  is  first  obtained  by  condensing  the 
alphyl  monohalide  and  arsenic  trichloride  by  means  of  sodium 
and  is  subsequently  heated  at  250°,  in  a  sealed  tube,  with  4-5 
parts  of  arsenic  trichloride,  for  30  hours.*  The  transforma- 
tions are  nearly  quantitative,  as  follows  : 

3RCI  +  ASCI3  H-  6Na     =     R3AS  +  6NaCl ; 
R3AS  +  2ASCI3     =     3RASCI,. 

Monophenylarsine  chloride  thus  obtained  is  then  phenylated 
by  heating  to  255°,  with  less  than  0.5  molecular  quantity  of 
mercury  phenyl,^  the  reaction  being,  of  course,  far  from  quan- 
titative, according  to  the  equation  : 

C.H.AsCl,  +  (C,H,),Hg     =     (C,H,),AsCl  +  QH.HgCl. 

The  mixture  of  mono-  and  diphenylarsine  chlorides  thus  ob- 
tained is  separable  only  by  a  laborious  process  of  fractional 
distillation.  By  employing  the  following  method,  the  prepara- 
tion and  use  of  mercury  phenyl  is  dispensed  with,  a  single 
process  of  dephenylation  is  substituted  for  both  the  dephenyla- 
tion  and  the  subsequent  phenylation,  and  an  admixture  of  di- 
phenylarsine chloride  with  the  mono-  or  the  triphenyl  arsenic 
compounds  does  not  involve  difficulties  of  separation. 

>  Ann,  Chem.  (I<iebig),  201,  215. 

2  Ber.  d.  chem.  Ges.,  27,  263. 
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Secondary  Ar sines.  43 

Preparation  of  Diphenylarsinic  Acid. 

A  mixture  of  360  grams  of  triphenylarsine'  (2  mols.)  and 
300  grams  of  arsenic  trichloride  (i  mol.)  was  heated  at  220^*, 
in  sealed  tubes,  for  40  hours.  The  dark  colored  reactien 
product  was  then  subjected  to  vacuum  distillation,  so  as  to 
separate  arsenic  trichloride,  phenylarsine  dichloride,  diphenyl- 
arsine  chloride,  and  triphenylarsine  from  one  another  as 
sharply  as  possible  and  to  observe  better  the  course  of  the 
dephenylation.  For  the  preparation  of  phenylarsonic  acid  or 
diphenylarsinic  acid  from  this  mixture  ordinary  distillation 
will  suffice,  or  it  may  be  entirely  dispensed  with.  The  lowest 
fraction,  boiling  as  high  as  150°  (23  mm.),  was  washed  with 
a  little  water  and  extracted  with  ether,  so  as  to  free  it  from 
arsenic  trichloride  ;  on  redistilling,  148  grams  (19  per  cent  of 
the  theory)  of  phenylarsine  dichloride  were  obtained,  boiling 
at  139°  (23  mm.).  The  higher  fractions  yielded  163  grams 
(38  per  cent  of  the  theory)  of  diphenylarsine  chloride,  boiling 
at  210"  (34  mm.). 

It  is  impossible,  or  at  least  inconvenient  and  unnecessary,  to 
obtain  by  distillation  pure  diphenylarsine  chloride;  the  pure 
phenylcacodylic  acid  may  be  separated  from  adhering  com- 
pounds by  an  application  of  the  method  of  analysis  (c)   {vide 

p.  7). 

For  instance,  suppose  there  are  present  in  a  mixture  the  fol- 
lowing four  substances — arsenic  trichloride,  phenylarsine  di- 
chloride, diphenylarsine  chloride  and  triphenylarsine.  On 
covering  with  water,  treating  with  chlorine  to  the  point  of 
saturation,  and  then  boiling,  the  following  reactions  take 
place  : 

ASCI3  +  4H,0  +  CI,     =     H3ASO,  +  5HCI  ; 

CeH^AsClj  +  3H,0  +  CI,     =     C.H^AsO^H,  +  4HCI  ; 

(C,H,),AsCl  +  2H,0  +  CI,     =      (C«H5),AsO,H  +  3HCI ; 

(CeH,)3As  +  H,0  +  CI,     =     (CeH,)3AsO  +  2HCI. 

The  triphenyl  arsenic  compounds  of  the  last  equation  are 
insoluble  in  water,  therefore,  after  filtering,  only  the  products 
of  the  first  three  reactions  are  in  solution.     On  treating  this 

1  Ann.  Chem.  (Liebig),  233,  62. 
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solution  with  magnesia  mixture,  in  the  cold,  the  arsenic  acid 
is,  of  course,  quantitatively  precipitated  ;  on  treating  this  fil- 
trate with  an  excess  of  magnesia  mixture  and  boiling,  the 
magnesium  salt  of  phenylarsonic  acid  is  precipitated ; 
finally,  on  acidifying  with  hydrochloric  acid,  diphenylarsinic 
acid  is  almost  quantitatively  precipitated;  loo  cc.  of  its  satura- 
ted, aqueous  solution,  at  27°,  contains  only  0.028  gram  of  the 
acid. 

In  short,  to  prepare  diphenylarsinic  acid,  heat  to  220°,  for 
30  hours,  a  mixture  of  triphenylarsine  and  arsenic  trichloride,, 
in  the  proportions  indicated  by  the  equation 

i(C,H,)3As  + ASCI3     =     3(C,H,),AsCl. 

When  cool,  pour  into  water  and  saturate  with  chlorine  ;  filter 
and  treat  with  an  excess  of  magnesia  mixture,  boil  and  filter. 
On  acidifying  with  hydrochloric  acid,  the  diphenylarsinic  acid 
separates  first  as  an  oil,  then  solidifies  in  beautiful,  white 
needles.  After  recrystallizing  once  from  water  the  acid  was 
obtained  pure.     Analysis  : 

0.1646  gram  substance  gave  0.3234  gram  CO,  and  0.0602 
gram  H3O. 

Calculated  for 

(CsH6)2As02H.  Found. 

c  54-96  54-78 

H  4.20  4.06 

The  yield  of  the  acid  exceeded  40  per  cent.  Should  it  seem 
desirable,  the  phenylarsine  dichloride  may  be  separated 
as  mentioned  above  and  be  converted  into  diphenylarsine 
chloride,  the  yield  of  diphenylarsinic  acid  may  thus  be 
raised  to  nearly  60  per  cent  ;  by  the  method  of  Michaelis^  the 
yield  did  not  exceed  18  per  cent. 

Since  triphenylarsine  and  other  trialphylarsines  react  with 
an  excess  of  arsenic  trichloride  (8-10  mols.)  to  form  the  mono- 
alphyl  compounds^  and,  as  shown  above,  2  molecules  of  the 
tertiary  arsine  react,  largely,  with  i  molecule  of  arsenic  tri- 
chloride so  as  to  form  the  secondary  compound  ;  finally,  as 
was  shown   in   an   experiment,    triphenylarsine   reacts  with 

>  Ber.  d.  chem.  Ges.,  37,  264.    Ann.  Chem.  (I,iebig),  207,  115. 
2  Michaelis :  Ann.  Chem.  (Liebig),  320,  272. 
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phenylarsine  dichloride,  when  heated  for  24  hours,  at  240°,  so 
as  to  form  a  large  quantity  of  the  secondary  arsenic  compound 
— it  may  be  concluded  that  the  proportions  of  the  products 
formed  at  elevated  temperatures  depend  largely  upon  mass  in- 
fluence. An  effort  to  prepare  diphenylarsine  chloride  by  the 
application  of  this  influence  to  the  sodium  condensation  failed, 
the  expected  reaction  : 

2C,H,C1  +  ASCI3  +  4Na     =     (C^HJ^AsCl  4  4NaCl, 

did  not  take  place,  only  triphenylarsine  being  obtained. 
Benzyl  chloride^  and  isoamyl  chloride  (wc?e  p.  49),  however, 
react,  in  the  proportions  of  the  above  equation,  giving  large 
quantities  of  secondary  arsine  chlorides. 

A  discussion  of  the  mechanism  of  these  and  other  arsenic 
reactions  will  be  given  in  a  future  paper. 

Diphenylarsine. 

This  arsine,  the  analogue  of  diphenylamine,  is  prepared 
from  diphenylarsinic  acid  : 

(CeH,),AsOOH  +  4H     =     (C,H,),AsH     =     2H,0. 

in  a  manner  nearly  identical  with  that  of  the  preparation  of 
phenylarsine.''  A  quantity  of  the  pure  acid  was  mixed  with 
an  excess  of  amalgamated  zinc  dust  and  then  covered  with  a 
layer  of  ether.  The  flask  was  connected  with  a  reflux  con- 
denser, at  the  top  of  which  was  inserted  a  rubber  stopper 
carrying  a  dropping  funnel  and  a  tube  bent  down  into  mercury  ; 
the  latter  permits  the  exit  of  free  hydrogen,  but  prevents  the 
entrance  of  air. 

Concentrated  hydrochloric  acid  was  placed  in  the  dropping 
funnel  and  5-20  cc,  of  it  were  admitted  to  the  flask,  occasion- 
ally, during  2  or  3  days,  or  until  the  completion  of  the  reduc- 
tion was  assured. 

During  the  reduction  occasional  energetic  agitation  of  the 
flask  is  necessary,  for  two  reasons  :  First,  the  arsine  is  solu- 
ble in  ether  but  not  in  water  (the  diphenylarsinic  acid  is  just 
the  reverse)  and,  as  it  forms,  it  coats  the  zinc  in  contact  with 

1  Ann.  Chem.  (Liebig),  333,  62. 

2  Ber.  d.  chem.  Ges.,  34,  3598.    This  Jouknal,  33,  147. 
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the  lower  aqueous  layer,  thus  retarding  the  reduction  process. 
Second,  phenylcacodyl  is  an  intermediate  product  of  the  re- 
duction and  it  also  coats  the  zinc  and  is  dissolved,  to  some  ex- 
tent, by  ether/  Therefore,  energetic  shaking,  particularly  at 
the  end  of  the  reduction,  is  necessary  to  extract  the  arsine  and 
to  cause  complete  reduction  of  the  phenylcacodyl  to  diphenyl- 
arsine. 

As  the  reduction  progresses  the  hydrogen  bubbles  on  the 
surface  of  the  ether,  become  iridescent  and  a  somewhat  blu- 
ish tint  is  imparted  to  the  ether  solution.  When  the  reduc- 
tion is  complete  the  solution  is  transferred,  without  contact 
with  the  air,  to  a  separatory  funnel  containing  some  fused  cal- 
cium chloride  ;  then,  after  drying  the  ether  solution,  it  is 
drawn  over  into  a  distilling  flask  connected  with  a  condenser 
and  a  Briihl  apparatus,  which,  previously,  has  been  filled  with 
carbon  dioxide.  When  the  apparatus  is  exhausted  the  ether 
may  be  removed  and  the  distillation  of  the  arsine  effected. 
Usually  so  much  frothing  of  the  liquid  takes  place  that  diffi- 
culty is  encountered  in  obtaining  pure  condensed  vapor  of  the 
distilled  substance  ;  slow  distillation,  in  a  stream  of  pure  car- 
bon dioxide,  gives  the  best  results.  The  arsine  thus  obtained 
is  a  clear,  colorless  oil,  that  boils  at  174°  (25  mm.)  and  at 
155°  (37  mm.)  ;  from  a  consideration  of  the  boiling  points  of 
its  analogues  and  homologues,^  diphenylarsine  ought  to  boil 
at  250°-26o°,  under  ordinary  pressure. 

In  the  dilute  form  its  odor  is  not  so  pleasant  as  that  of 
phenylarsine  ;  its  more  concentrated  vapor  produces  catarrhal 
symptoms  and  sneezing.  It  is  soluble  in  alcohol,  ether  and 
other  organic  solvents,  but  is  insoluble  in  water. 

0.1500  gram  liquid  gave  0.3387  gram  CO,  and  0.0670  gram 
H,0. 

Calculated  for 
(C4H6)2AsH.  Fouud. 

C  62.61  61.58 

H  4.78  4.96 

Oxidation  of  Diphenylarsine. 

In  contact  with  air  diphenylarsine  warms  and  changes,  al- 

1  Ber.  d.  chem.  Ges.,  15,  1955. 

2  This  Journal,  33,  107. 
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most  instantaneously,  into  a  pure  white  or  faintly  yellow,  hard 
mass ;  more  rapid  oxidation  is  easily  discernible  in  the  case 
of  diphenylarsine  than  in  that  of  phenylarsine.  The  mass 
was  treated  with  excess  of  ammonia  and  warmed  on  the 
water-bath  ;  partial  solution  took  place.  The  insoluble  por- 
tion was  filtered,  washed  with  water  and  recrystallized  from 
ether  ;  it  was  found  to  melt  at  90°  and,  by  its  odor,  was 
further  identified  as  phenylcacodyl  oxide/ 

When  acidified,  the  ammonia  solution  yielded  crystals  of  di- 
phenylarsinic  acid,  which  was  identified  by  its  melting-point 
and  other  properties.^  From  1.9  grams  of  the  oxidation  pro- 
duct, 1.7  grams  of  diphenylarsinic  acid  and  0.2  gram  of  cacodyl 
oxide  were  recovered,  therefore  about  88  per  cent  of  the  oxida- 
tion was  represented  by  the  first  and  1 2  per  cent  by  the  second 
of  the  following  equations  : 

(C,H,),AsH  +  O,     =     (C,H,),AsOOH, 

2(C,H,),AsH  +  O,     =     [(CeH,),As],0    +  H,0. 

Slow  oxidation  is  the  favorable  condition  for  the  former  re- 
action ;  an  ether  solution  of  the  arsine,  exposed  to  the  air,  pre- 
cipitated only  needles  of  diphenylarsinic  acid. 

Diphenylarsine  and  Bromine. 

When  0.75  gram  of  diphenylarsine,  in  a  sealed  tube,  was  al- 
lowed to  distil,  slowly,  into  ether  containing  i  gram  of  bro- 
mine (2  mols.)  there  was  an  immediate,  voluminous  precipita- 
tion of  a  reddish  yellow  solid  ;  when  the  entire  quantity  of 
arsine  had  come  into  contact  with  the  bromine,  the  color  of  the 
precipitate  changed  to  a  golden  yellow  and  the  crystals  be- 
came compact  and  glistening  ;  the  ether  solution  was  com- 
pletely decolorized.  On  opening  the  tube  the  yellow,  crystal- 
line solid  was  removed,  washed  with  ether  and  dried  in  a  desic- 
cator. 

0.1656  gram  substance  required  0.1120  gram  AgNOj. 

Calculated  for 

(CeH6)2AsBr8.  Found. 

Br  51.17  49.82 

•  Ann.  Chem.  (Liebig),  201,  229. 
2  Ibid.,  201,  231. 
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Diphenylarsine  tribromide  forms  golden  yellow  plates,  which 
soften  at  120°  and  melt  at  129°.  It  attacks  the  skin  with 
great  avidity.  Water  decomposes  it,  forming  a  light  yellow 
oil,  phenylcacodyl  bromide.  The  equation  for  the  formation 
of  the  tribromide  is  as  follows  : 

(CeH,),AsH  +  2Br,     =     (C.HJ.AsBr,  +  HBr. 
Diphenylarsine  and  Iodine. 

When  0.9  gram  of  diphenylarsine  (i  mol.)  was  treated,  in  a 
sealed  tube,  with  1.94  grams  of  iodine  (less  than  2  mols.)  in 
ether  solution,  there  resulted  an  immediate  precipitation  of  a 
dark  red  oil.  On  opening  the  tube  a  pressure  of  hydriodic  acid 
was  observed.  From  the  reaction  products  an  oil  was  isolated 
whose  analysis  agreed  closely  with  the  compound,  diphenyl- 
arsine iodide. 

0.2185  gram  substance  gave  0.1417  gram  Agl. 

Calculated  for 

(C6H5)2ASI. 

I  3567  35-07 

Under  the  above  conditions  diphenylarsine  reacted  with 
iodine  according  to  the  equation 

(C,H,),AsH  +  I,     -     (CeH,),AsI  +  HI. 
Diisoamylarsine  Compounds. 

There  has,  hitherto,  been  no  easy,  general  method  for  the 
preparation  of  aliphatic  secondary  arsenic  compounds.  The  dry 
distillation  of  the  alkali  salts  of  fatty  acids  with  arsenic  tri- 
oxidehas  yielded,  as  yet,  only  secondary  methyl  compounds. 
The  treatment  of  alkyl  iodides  with  sodium  arsenide^  has  pro- 
duced secondary  ethyl  compounds,  but  no  general  application 
has  been  made  of  this  reaction,  largely  on  account  of  the  dis- 
agreeable properties  of  the  sodium  arsenide  and  because  its  re- 
action with  alkyl  halides  gives  rise  to  mixtures  of  the  primary, 
secondary  and  tertiary  arsine  derivatives  which,  hitherto,  have 
been  difl&cult  to  separate. 

Michaelis  and  Paetow'  found  that  when  2  molecular  propor- 
tions of  benzyl  chloride  were  condensed,  by  means  of  sodium, 

1  Ann.  Chern.  (I,iebig),  89,  319. 
2/Jirf.,333,  62. 
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with  I  molecular  proportion  of  arsenic  trichloride,  the  second- 
ary arsine  compound  was  formed  in  the  largest  quantity,  ac- 
cording to  the  equation 

aC^HsCH.Cl  +  ASCI3  +  4Na     =     (C8H5CH,),AsCl  +  4NaCl. 

We  have  found  that  this  reaction  is  applicable  to  the  aliphatic 
series,  for,  when  varied  alkyl  halides,  such  as  ethyl  bromide, 
propyl  iodide  and  isoamyl  chloride  were  treated  in  a  similar 
manner,  and  their  products  were  subjected  to  the  same  method 
of  separation  as  the  phenyl  compounds  {vide  p.  43),  solutions 
containing  secondary  arsine  compounds  were  obtained. 

In  the  case  of  isoamyl  chloride,  the  main  product  was  diiso- 
amyl  chloride  or  its  basic  compound,  similar  in  composition  to 
the  basic  cacodyl  chloride  obtained  by  Bunsen'  and  having  the 
general  formula,  6RjAsCl.(R2As)jO. 

A  quantity  of  liquid  was  obtained  boiling  at  a  temperature 
lower  than  that  of  diisoamylarsine  chloride ;  it  has  not  yet 
been  isolated  and  identified,  but  it  is  probably  isoamylarsine 
chloride,  C^HnAsClj.  Therefore,  when  alkyl  halides,  in 
general,  are  condensed  with  arsenic  trichloride,  by  means  of 
sodium,  the  mono-  and  dialkylarsine  chlorides  are  formed  and 
their  relative  proportions  are  governed  by  the  molecular  quan- 
tities of  the  alkyl  halides  and  arsenic  trichloride  used.  The 
general  reactions  are  represented  thus  : 

RCl  +  AsClj  +  2Na     =     RAsCl,  +  2NaCl ; 

2RCI  +  ASCI3  +  4Na     =     R,AsCl  +  4NaCl. 

Diisoamylarsine  Chloride. 

In  a  I  liter,  round-bottomed  flask,  connected  with  a  reflux 
condenser,  were  placed  62  grams  of  sodium  wire  (4  atoms) 
and  400-500  cc.  of  dry  ether.  Through  a  cork  at  the  top  of 
the  condenser  were  inserted  a  dropping  funnel  and  a  glass  tube, 
bent  down  into  mercury,  so  as  to  prevent  the  entrance  of  air. 
After  filling  the  apparatus  with  carbon  dioxide,  a  mixture  of 
145  grams  of  isoamyl  chloride  (2  mols.)  and  124  grams  of  arsenic 
trichloride  (i  mol.)  was  added  to  the  sodium,  in  small  quanti- 
ties at  a  time.     The  reaction  was  very  energetic  ;  a  small  por- 

1  Ann.  Chem.  {I,iebig),  37,  49. 
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tion  of  the  mixture  (5  cc.)  caused  very  violent  boiling  of  the 
ether,  consequently  it  was  necessary  to  cool  the  flask  by  means 
of  water.  The  isoamyl  chloride  and  arsenic  trichloride  were 
added  slowly,  until  the  end  of  the  operation  ;  small  portions, 
even  at  the  end,  caused  quite  a  vigorous  action.  The  reac- 
tion was  complete  in  2  hours.  The  ether  solution  was  then 
filtered  from  the  residue  of  sodium  chloride  and  the  latter  was 
extracted  several  times  with  ether.  After  distilling  ofif  the 
ether  there  remained  a  colorless  oil,  which  was  fractionated  in 
vacuo,  with  the  following  results  : 


ction. 

Temperature. 

Pressure. 

Weight. 

mm. 

Grams. 

I 

140'' 

43 

15 

2 

140°-! 48" 

40-33 

34 

3 

148°-! 52° 

33-27 

34 

4 

i52°-i6o° 

27-28 

30 

115 

Theory,  (C5H„),AsCl  =  172 

After  one  refractionation  in  vacuo  and  several  under  ordinary 
pressure,  most  of  the  liquid  was  found  to  boil  at  263"  (750 
mm.).  The  distillation-product  was  a  colorless  oil  containing, 
invariably,  a  little  white,  soapy  precipitate. 

0.1710  gram  clear  liquid  gave  0.3036  gram  CO^  and  0.1478 
gram  H^O. 


Calculated  for 

6(C6H„)2AsCl.[(C6Hi,)2As]20. 

Found. 

c 

48.65 

48.94 

H 

8.96 

9.60 

Basic  isoamylcacodyl  chloride  is  a  colorless  liquid,  boiling  at 
263°  (750  mm.)  and  at  148°  (33  mm.).  It  has  a  peculiar  and 
characteristic  odor,  not  at  all  intense  like  that  of  cacodyl  chlor- 
ide. It  is  soluble  in  all  the  ordinary  organic  media,  but  is  in- 
soluble in  water.  The  white,  soapy  solid  which  always  sepa- 
rates on  distilling  the  oil  is  probably  isoamylcacodylic  oxide, 
[(C,H,0,As],O. 

In  this  application  of  the  Wiirtz  reaction  to  aliphatic  arsenic 
compounds  a  red,  amorphous  solid  is  always  formed  ;  it  is 
larger  in  quantity  when  the  reaction  is  conducted  in  the  pres- 
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ence  of  air  than  in  its  absence.  In  the  above  condensation  20 
grams  of  this  red  product  were  obtained,  while  in  another  ex- 
periment, during  which  air  was  freely  admitted,  44  grams  of  it 
were  formed.  The  red  body  was  decolorized  by  means  of  bro- 
mine water  and  yielded  a  yellow,  crystalline  solid,  which  was 
easily  soluble  in  ammonia.  From  the  ammoniacal  solution 
arsenious  acid,  isoamylarsonic  acid,  and  isoamylarsinic  acid 
were  obtained,  in  about  equal  quantities.  The  red  substance 
is  probably  similar  to  Bunsen's  "  erytrarsine,"  (RAs)^ASj03, 
which  would  account  for  the  isoamylarsonic  acid  and  the 
arsenious  acid  formed  by  the  above  treatment,  while  an  anal- 
ogous dialkyl  compound,  [(CsHjJ^AsJ^.ASjOj,  would  account 
for  the  formation  of  the  isoamylarsinic  acid. 

Diisoamylarsine  Chlordibromide. 

A  dry,  ethereal  solution  of  diisoamylarsine  chloride  was 
treated  with  bromine,  in  ether  solution,  until  no  decolorization 
resulted  on  warming  gently.  The  ether  was  evaporated  and 
the  residual  oil  was  permitted  to  stand  ;  well  formed,  crystal- 
line granules  separated  after  some  time,  but  only  to  the  ex- 
tent of  about  one-third  of  the  oil.  They  were  filtered,  washed 
with  benzene  and  analyzed  : 

o.  1412  gram  substance  gave  0.1868  gram  AgC1.2AgBr, 
which  is  equal  to  0.1351  gram  AgBr. 

Calculated  for 
(C6Hu)2AsCl.Br2.  Found. 

Br  41.61  41-47 

Diisoamylarsine  chlordibromide  is  a  pure  white,  crystalline 
solid  which  melts  at  i24°-i25°  and  has  an  odor  resembling 
that  of  chloral  hydrate.  It  is  readily  soluble  in  ether  and 
chloroform,  but  is  less  so  in  benzene.  Water  dissolves  it 
slowly,  ammonia  very  readily,  with  the  formation  of  isoamyl- 
arsinic acid. 

The  equation  representing  the  formation  of  the  above  tri- 
halide  is  as  follows  : 

(C,H„),AsCl  +  Br,     =     (C,HJ,AsCl.Br,. 
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The  incompleteness  of  this  reaction  is  probably  due  to  the 
following  ones  :^ 

(C,HJ,AsCl.Br,     =     C,H,,AsBr,  +  C,H,,C1, 
or  (C5H„),AsCl.Br,     =     C^HiiAsClBr  +  C^HiiBr. 

The  decomposition  products,  being  liquids  and  being  formed 
to  a  large  extent,  account  for  the  small  yield  of  the  pentava- 
lent  arsenic  derivative. 

Diisoamylarsine  Sulphide, 
[(C,H„).As],S. 

When  diisoamylarsine  chloride  is  added  to  water  and  is 
treated  with  hydrogen  sulphide,  beautiful  white  needles  sepa- 
rate at  the  surface  of  the  water.  When  the  reaction  was  com- 
plete, after  lo  hours,  the  crystals  were  extracted  with  ether  ; 
the  latter  having  been  removed,  an  oil  remained.  It  solidified 
in  a  freezing  mixture  and  yielded  crystals.     Analysis  : 

O.I 75 1  gram  substance  gave  0.0890  gram  BaSO^. 

Calculated  for 

[(C5H„)As]2S.  Found. 

S  6.86  6.98 

The  sulphide  melts  at  29°-3o°,  is  easily  soluble  in  ether  and 
carbon  bisulphide,  diflBcultly  soluble  in  alcohol  and  insoluble 
in  water.     The  equation  for  its  formation  is  as  follows  : 
2(C,HJ,AsCl  +  H,S     =     [(C,HJ,As],S  +  2HCI. 
Isoamylarsinic  Acid. 

Isoamylarsinic  acid  was  prepared  from  isoamylcacodyl  chlor- 
ide, by  a  method  similar  to  that  used  for  the  preparation  of 
phenylarsinic  acid  from  phenylcacodyl  chloride.  Isoamyl- 
cacodyl chloride  was  covered  with  water,  treated  with  bromine 
and  heated  until  the  excess  of  bromine  was  decolorized  ;  the 
treatment  was  repeated  until  the  bromine  was  no  longer  ab- 
sorbed. By  this  means  the  oil  was  changed  to  a  yellow,  crys- 
talline solid,  which  was  found  to  be  soluble  in  ammonium  hy- 
droxide. To  the  ammoniacal  solution  an  excess  of  magnesium 
chloride  was  added  in  the  cold,  to  precipitate  arsenious  acid  ; 
then  the  precipitate  was  boiled  to  precipitate  the  magnesium 
salt  of  isoamylarsonic  acid,  formed  from  isoamylarsine  chloride 

1  Cf.  Ethylcacodyl  Iodide.     Ann.  Chem.  (I^iebig),  ||6,  367. 
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and  which  had  not  been  completely  removed  by  distillation. 
After  filtering  off  the  magnesium  salt  of  the  arsonic  acid,  the 
solution  was  made  slightly  acid,  when  the  isoamylarsinic  acid 
was  precipitated  as  large,  flaky  crystals.  After  recrystallizing 
from  water  it  was  obtained  pure. 

I.  0.1 132  gram  substace  gave  o.  1175  gram  COj  and  0.0970 
gram  HjO. 

II.  0.2620  gram  substance  gave  0.4030  gram  CO^  (HjO  was 
lost). 


Calculated  for 
(C6Hn)oAsOOH.2H30. 

I. 

Found. 

II. 

c 

H 

4195 
9.69 

41.67 
9.27 

41-95 

Isoamylarsinic  acid  melts  at  153°- 154°.  It  is  easily  soluble 
in  alcohol,  somewhat  so  in  water  and  insoluble  in  ether.  The 
equation  of  its  formation  is  as  follows  : 

(C^H^J^AsCl  +  Br,  +  2H,0     = 

(C,HiJ,AsOOH  +  HCl  +  2HBr. 

Diisoamylarsine. 

This  arsine  was  prepared  by  the  method  employed  for  di- 
phenylarsine,  26  grams  of  pure  diisoamylarsinic  acid  being 
used  and  yielding  nearly  the  theoretical  quantity  of  diisoamyl- 
arsine. No  difficulty  was  encountered  in  distilling  the  arsine, 
a  pure  product  being  obtained  at  150°  (99  mm.). 

0.1347  gram  substance  gave  0.2715  gram  COj  and  0.1238 
gram  HjO. 


Calculated  for 
(C5H„)2AsH. 

Found. 

c 

H 

55-05 
10.09 

54-97 
10.21 

The  physical  properties  of  diisoamylarsine  are  quite  like 
those  of  diphenylarsine  ;  however,  it  has  a  sickening,  charac- 
teristic odor,  more  suggestive  of  isoamyl  alcohol  than  of 
arsine. 

Oxidation  Prodttcts. 

On  exposing  diisoamylarsine  to  the  air  a  more  syrupy  prod- 
uct was  obtained  than  from  diphenylarsine.     On  passing  air 
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into  a  beaker  containing  i  gram  of  diisoamylarsine,  sufl&cient 
heat  was  evolved  to  boil  some  of  the  arsine,  but  no  flame  reac- 
tion was  produced.  The  oxidation  products  were  extracted, 
first  with  ammonia,  then  with  ether.  The  former  extract 
yielded  diisoamylarsinic  acid  and  the  latter  an  oil,  which  was 
probably  diisoamylcacodylic  oxide. 

The  preparation  and  study  of  arsines,  stibines  and  phos- 
phines  by  reactions  described  in  the  preceding  pages  are  being 
pursued  in  this  laboratory. 

XJRBANA,  III., 
July  14,  1905. 
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CXXVIII.— SOME    DERIVATIVES  OF  BENZENESUL- 
PHONYLAMINOACETONITRILE. 

By  Treat  B.  Johnson  and  Elmer  V.  McCollum. 

In  the  course  of  some  work  on  the  preparation  of  deriva- 
tives of  adrenaline  we  had  occasion  to  prepare  benzenesul- 
phonesarcosine.  We  find  that  this  acid  can  easily  be  prepared 
from  benzenesulphonylaminoacetonitrile.^  When  this  com- 
pound was  treated  with  methyl  iodide,  in  presence  of  sodium 
ethylate,  it  was  converted  into  benzenesulphonylmethylamino- 
acetonitrile  (I.).  This  nitrile  was  easily  hydrolyzed  by  hydro- 
chloric or  sulphuric  acid  to  benzenesulphonylsarcosine  (II.). 

CeHsSO^NHCH^CN  +  CH3I  +  C.H^ONa     = 

CsH,SO,N(CH,)CH,CN  +  Nal  +  C,H,OH. 
I. 

CeH5SO,N(CH3)CH,CN  +  2H,0     = 

C6H5SO,N(CH,)CH,COOH  +  NH,. 
II. 

It  seemed  of  interest  to  examine  the  behavior  of  this  acid 
(II.)  towards  pyrocatechol.  It  might  be  expected  to  condense 
with  pyrocatechol,''  in  presence  of  zinc  chloride  or  phosphorus 
oxychloride,  to  give  a  benzenesulphonylmethylaminoaceto- 
pyrocatechol  (III.)  : 

1  Knovenagel  and  I,ebach  :  Bar.  d.  chem.  Ges.,  37,  4094. 

2  Dzerzgowski :  Jour,  der  russ.  chem.  Ges.,  as,  154.  Bruhns  :  Ber.  d.  chem.  Ges., 
34.  92- 
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OH 


+  C,H,SO,N(CH3)CH,COOH     == 


OH 


OH 


+  H,0. 


COCH,N(CH3)SO,C6H5 
III. 

Such  a  condensation  would  be  of  special  interest  since,  on 
reduction,  the  ketone  should  give  a  benzenesulphone  deriva- 
tive of  adrenaline^  (IV.)  if  the  structure  of  adrenaline  is  to  be 
represented  as  in  Formula  V.  :* 


OH 


HOCHCH,N(CH3)SOAH5 
IV. 


OH 


OH 


HOCHCH,NHCH, 
V. 


We  now  find  that  benzenesulphonesarcosine  (II.)  does  not 
condense  with  pyrocatechol  under  the  conditions  which  we 
employed.  When  we  used  either  zinc  chloride  or  phosphorus 
oxychloride  as  the  condensing  agent  the  only  definite  product 
isolated  was  unaltered  acid.  The  same  result  was  obtained 
when  we  attempted  to  condense  benzenesulphonylaminoacetic 
acid  with  pyrocatechol.  The  acid,  melting  at  i66°,  was  recov- 
ered unaltered. 

1  Fiirth  :  Monatsh.  Chem.,  24,  278  (1903). 

s  Jowett :  P.  Chem.  Soc,  ao,  18  (1904).  Friedman  :  Beitr.  chem.  Phys.  Pathol.,  6, 
92  (1904).    Stolz  :  Ber.  d.  chem.  Ges.,  37,  4149  (1904). 
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In  the  course  of  our  work  we  have  prepared  a  series  of  ni- 
triles  analogous  to  benzenesulphonylmethylaminoacetonitrile 
(I.).  With  the  exception  of  the  ethyl  and  propyl  derivatives 
they  have  all  proved  to  be  well  crystallized  compounds.  In 
every  case  that  we  have  examined  they  have  undergone  hy- 
drolysis to  the  corresponding  acids  when  warmed  with  hydro- 
chloric or  sulphuric  acid.  In  the  case  of  the  lower  aliphatic 
derivatives  the  hydrolysis  could  be  effected  on  the  steam-bath, 
while  with  the  higher  aromatic  derivatives  it  was  necessary  to 
heat  in  sealed  tubes  at  a  high  temperature. 

When   benzenesulphonylaminoacetonitrile  was  treated  with 
ethyl  chloracetate,  in  the  presence  of  sodium  ethylate,  it  was 
converted,    practically  quantitatively,  into   ethyl   benzenesul- 
phonylcyanmethylaminoacetate  (VI.)  : 
C.H^SO.NHCH.CN  +  C1CH,C00C,H,  +  NaOC.H,    = 

CsH,S0,N(CH,CN)CH,C00C,H5  +  NaCl  +  C^H^OH. 
VI. 

Especially  interesting  was  the  behavior  of  this  ethyl  ester 
(VI.)  when  saponified  with  dilute  sodium  hydroxide.  The 
resulting  benzenesulphonylcyanmethylacetic  acid  (VII.)  im- 
mediately underwent  a  rearrangement  in  the  alkaline  solution, 
to  an  isomeric  piperazine  derivative  (VIII.).  That  we  were 
dealing  here  with  a  molecular  rearrangement  was  established 
by  the  following  experiment  :  When  the  silver  salt  of  the 
product  obtained  by  saponification  (VIII.)  was  treated  with 
ethyl  iodide,  an  ethyl  derivative  (IX.)  was  obtained,  which 
was  not  identical  with  the  original  ester  (VI.). 
C,H,SO,N(CH,CN)CH,COOC,H,    ^ 

(M.  p.  68°-7o°.) 
VI. 

CsH5S0,N(CH,CN)CH,C00H 

(Not  isolated.) 
VII. 


CeH.SO.N  CgHjSO.N 

/\  /\ 

CH,     CH,  CH,      CH, 

11  II 

CO      COC.H,  CO       CO 

\^  \/ 

N  NH 

(M.  p.  130O-132O.)  (M.  p.  I98°-I99.°) 

IX.  VIII. 
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This  rearrangement  is  analogous  to  that  of  orthocyan- 
benzoic  acid  into  phthalimide/  Two  similar  rearrange- 
ments have  also  recently  been  described  by  Thorpe^  and 
his  co-workers.  They  have  shown  that  monoethyl  a-cyan-/8- 
iminoglutarate  (X.)  readily  rearranges  to  a,a'-diketo-/8-carb- 
ethoxy-;/-iminopiperidine  (XI.)  in  the  presence  of  strong  sul- 
phuric acid  : 

NCCH(C00C,H5)C  :  NHCH.COOH     -^ 
X. 

NH 
C 
H,C  CHCOOCjH, 

OC  CO 

NH 


y-Carbethoxy-y-cyanacetoacetic  acid  (XII.)  also  underwent 
a  similar  change,  when  heated  above  its  melting-point,  and 
was  transformed  into  2,4,6-trioxy-3-carbethoxypyridine 
(XIII.)  : 

CO 

/\ 

H,C  CHCOOC.Hj 

NCCH(C00C,H5)C0CH,C00H    --*  |  | 

XII.  OC  CO 

\/ 
NH 

XIII. 

Hedin'  observed  that  benzenesulphonylaminoacetic  acid 
could  be  boiled  with  hydrochloric  or  sulphuric  acid  without 
decomposition.  We  now  find  that  the  nitrogen  substituted 
benzenesulphonylaminoacetic  acids  are  extremely  stable  and 
can  be  decomposed  only  by  very  energetic  hydrolysis.  When 
benzenesulphonylmethylaminoacetic  acid  (II.)  was  boiled  with 

1  Hoogewerf  and  Van  Dorp  :  Rec.  Trav.  Chim.,  ii,  93. 

«  Baron,  Remfrey  and  Thorpe:  J.  Chem.  Soc,  85,  1730  (1904). 

»  Ber.  d.  chem.  Ges.,  23,  3196. 
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strong  hydrochloric  acid  it  was  converted  into  the  benzene- 
sulphonic  acid  salt  of  sarcosine  (XIV.)  : 
C,H,S0,N(CH3)CH,C00H  +  H,0     -= 
II. 

CgH5SO,OHNH(CH3)CH,COOH 

XIV. 
This  result  is  perfectly  analogous  to  a  previous  observation 
by  Schotten  and  Schlormann.^  They  have  shown  that  ben- 
zenesulphonylaminovalerianic  acid  (XV.)  is  hydrolyzed  to  the 
sulphonic  acid  salt  of  aminovalerianic  acid  (XVI.)  when 
heated  with  hydrochloric  acid  at  i8o°  : 
C8H5SO,NH(CH,),COOH  +  H,0     = 

XV. 

C,H,SO,OHH,N(CH,),COOH. 

XVI. 
E.  Fischer*  has  shown  that  hippuric  acid  is  converted  into 
hippuryl  chloride  when  it  is  dissolved  in  acetyl  chloride  and 
then  carefully  treated  with  phosphorus  pentachloride.  It 
seemed  of  interest  to  examine  the  behavior  of  benzenesul- 
phonylaminoacetic  acid  under  the  same  conditions.  We  now 
find  that  this  acid  reacts  in  an  entirely  different  manner  with 
phosphorus  pentachloride.  The  benzenesulphonyl  radical  was 
removed  by  this  treatment  with  the  formation  of  benzenesul-' 
phone  chloride.  The  acid  chloride  was  identified  by  means  of 
its  anilide,  which  melted  sharply  at  iio°.  This  remarkable 
result  is  especially  interesting  in  view  of  ithe  stability  of  the 
benzenesulphonylaminoacetic  acids  when  warmed  with  hydro- 
chloric acid. 

EXPERIMENTAL  PART. 

Benzenesulphonylaminoacetonitrile,Q,^T{^SO^'^^011^C^.—'Th\s 
nitrile  has  previously  been  prepared  by  Knovenagel  and  Le- 
bach.^  They  obtained  it  by  treating  benzenesulphonylamide 
with  potassium  cyanide  and  a  sodium  bisulphite  solution  of 
formaldehyde.  We  have  prepared  the  nitrile  by  treating 
aminoacetonitrile*  with  benzenesulphonyl  chloride. 

1  Ber.  d.  chem.  Ges.,  24,  3692. 

«  fbid.,  38,  6i2. 

^  Loc.  cit. 

*  Klages  :  Ber.  d.  chem.  Ges.,  36,  1514. 
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The  sulphuric  acid  salt  of  aminoacetonitrile  was  dissolved  in 
water  and  a  layer  of  benzene  poured  over  the  surface  of  the 
solution.  Benzenesulphonyl  chloride  and  sodium  hydroxide 
solution  were  then  added  alternately,  in  small  portions.  After 
the  final  addition  of  benzenesulphonyl  chloride,  the  solution 
was  made  slightly  alkaline  and  allowed  to  stand  at  the  ordinary* 
temperature,  with  occasional  shaking.  In  the  course  of  a  few 
hours  the  nitrile  separated  in  the  laj^er  of  benzene  as  a  beautiful, 
crystalline  solid  ;  this  was  filtered  ofif  and  purified  by  crystal- 
lizing from  benzene.  It  was  insoluble  in  cold  water.  It  separa- 
ted from  hot  water  as  an  oil,  which  solidified,  on  cooling,  in  the 
form  of  needles.  It  melted  sharply  at  80°  with  no  efferves- 
cence. This  melting  point  is  somewhat  higher  than  that  given 
by  Knovenagel  and  L,ebacli.^  They  state  that  their  product 
melted  at  ^(>°-^^°.     Analysis  : 

Calculated  for  Pound. 

CsHsO.NsS.  I.  II.  III. 

N  14.28  14.5         14.06         14.24 

Benzenesulphonylmethylaminoacetonitrile, 
C,H5S02N(CH3)CH,CN.— This  nitrile  was  first  prepared  by 
allowing  methyl  iodide  to  act  on  the  silver  salt  of  benzenesul- 
phonylaminoacetonitrile.  It  can  be  obtained  more  easily  by  dis- 
solving the  nitrile  in  alcohol  containing  the  calculated  amount 
of  sodium  ethylate  and  warming  with  a  molecular  proportion 
of  methyl  iodide.  The  reaction  is  very  smooth  and  the  solu- 
tion is  neutral  to  litmus  in  a  few  minutes.  After  evaporating 
the  alcohol  and  treating  the  residue  with  cold  water,  to  re- 
move sodium  iodide,  the  nitrile  remained  as  a  crystalline  prod- 
uct. It  was  deposited  from  water  in  beautiful  plates  and  melted, 
to  a  clear  oil,  at  97°.     Analysis  : 

Calculated  for  Found. 

C9H10O2N2S.  I.  II. 

N  13-33  13-70  13.40 

Benzenesulphonylmethylaminoacetic  A cid, 
C,H5SO,N(CH3)CH,COOH.— This    acid   was  obtained   when 
benzenesulphonylmethylaminoacetonitrile    was     digested    on 
the   steam-bath   with  concentrated   hydrochloric    acid.     The 
saponification  is  very  smooth  and  the  acid  separates  from  the 
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warm  solution  as  a  colorless,  crystalline  deposit.  It  crystal- 
lized from  hot  water  in  prisms  and  melted,  to  a  clear  oil,  at 
179°.     It  was  very  soluble  in  alcohol.     Analysis  : 


Calculated  for 
C9H11O4NS. 

Pound. 

6. 1 1 

6.48 

N 

Ethyl  Benzenesulphonylmethylamino acetate, 
C,H5SO,N(CH3)CH,COOC2H5.— This  compound  was  prepared 
by  esterifying  the  above  acid  with  alcohol  and  sulphuric  acid. 
It  was  obtained  as  an  oil,  which  showed  no  signs  of  solidifying 
in  a  freezing  mixture.  It  distilled  at  2i5°-2i6°  (15  mm.). 
Analysis  : 


C„H,604NS. 

Found . 

5-44 

5-29 

N 

Behavior  of  Benzenesulphonylmethylaminoacetic  Acid  on  Hy- 
drolysis.— Eight  grams  of  the  acid  were  boiled  with  hydro- 
chloric acid  for  15  hours.  When  the  acid  solution  was  evapo- 
rated to  dryness  we  obtained  a  semi-solid  residue  which  was 
come  what  colored.  This  was  dissolved  in  water  and  the  solu- 
tion boiled  after  adding  some  mercuric  oxide.  The  color  was 
entirely  removed  by  this  treatment  and  a  yellow  precipitate 
formed,  which  was  separated  by  filtration.  The  filtrate  was 
then  saturated  with  hydrogen  sulphide  to  remove  dissolved 
mercury.  After  filtering  from  mercuric  sulphide  the  aqueous 
solution  was  evaporated  to  dryness.  We  obtained  a  thick  oil, 
which  was  extremely  soluble  in  water.  On  long  standing  it 
finally  solidified.  It  separated  from  its  concentrated,  aqueous 
solution  in  prisms  and  melted  sharply  at  136°-! 37°.  A  nitro- 
gen determination  agreed  with  the  calculated  for  the  benzene- 
sulphonic  acid  salt  of  sarcosine. 


Calculated  for 
CsHisOeNS. 

Found. 

5-66 

5-74 

N 

Two  and  one-half  grams  of  benzenesulphonylmethylamino- 
acetic  acid  were  heated  with  concentrated,  aqueous  ammonia, 
for  2  hours,  at  i5o°-i55°.  When  the  ammoniacal  solution  was 
evaporated  to  dryness  and  the  residue  acidified  with  sulphuric 
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acid  the  unaltered  acid  was  obtained.  The  acid  was  again  re- 
covered unaltered  after  heating  with  concentrated  ammonia,  at 
i8o°-i90°,  for  2  hours. 

Benzenesulphonylethylaminoacetonitfile, 
C6H5SO,N(C2H5)CHjCN.— This  nitrile  was  obtained  as  an  oil 
which  showed  no  signs  of  solidifying  after  standing  for  2  weeks. 
When  an  attempt  was  made  to  purify  it  by  distillation  under 
diminished  pressure  it  slowly  decomposed,  the  chief  portion  boil- 
ing at  225°-235°  (21  mm.).  This  crude  nitrile  was  used  for 
preparing  the  acid. 

Benzenesulphonylethylaminoacetic  A  cid, 
CgH5S02N(C2H5)CHjCOOH.— The  acid  was  easily  prepared  by 
successively  evaporating  the  above   nitrile  with  concentrated 
hydrochloric   acid.      It  crystallized   from   water   in    colorless 
plates,  melting  at  116°.     Analysis: 

0.8218  gram  substance  gave  0.8059  gram  BaSO^  (Carius). 

Calculated  for 
C10H13O4NS.  Found. 

S  13.16  13.46 

Benzenesulphonyl-n-propylaminoacetonitrile, 
CgH5SO,N(C3H,)CH2CN.— This  nitrile  was  obtained  as  an  oil 
which  refused  to  solidify  after  standing  for  over  a  month.     No 
attempt  was  made  to  distil  the  nitrile  and  the  crude  material 
was  converted  into  the  acid. 

Benzenesulphonyl-n-propylaminoacetic  A  cid, 
C6H5SO,N(C3H,)CH,COOH.— This  acid  was  obtained  by  hy- 
drolyzing  the  above  nitrile  with  concentrated  hydrochloric 
acid.  It  was  purified  by  repeated  recrystallizations  from  hot 
water.  It  separated  from  its  aqueous  solution  first  as  an  oil, 
which  finally  solidified  in  the  form  of  stout  prisms,  which  melted 
at  99°-ioi*'  to  a  clear  oil.  It  was  very  soluble  in  the  ordinary 
organic  solvents.     Analysis  : 


Calculated  for 
C„Hi504NS. 

Found. 

5.44 

5.85 

N 

Benzenesulphonylcarbethoxyaminoacetonitrile, 
CeH5S02N(COOCjH5)CH,CN.— The  potassium  salt  of  benzene- 
sulphonylaminoacetonitrile,  which  was  prepared  according  to 
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Knoevenagel  and  L^ebach's*  directions,  was  suspended  in  ben- 
zene and  a  molecular  proportion  of  ethyl  chlorformate  added. 
The  solution  was  then  heated  on  the  steam-bath  for  10-12 
hours,  when  the  reaction  was  complete.  The  benzene  was 
evaporated  on  the  steam-bath  and  the  nitrile  washed  with  cold 
water  to  remove  potassium  chloride.  The  nitrile  was  insolu- 
ble in  water.  It  crystallized  from  alcohol  in  the  form  of  sheaves 
of  needles  and  melted  at  83°-85°,  without  effervescence,  to  an 
oil.     Analysis : 


Calculated  for 
C„Hi204N2S. 

Found. 

10.44 

10.48 

N 

When  this  nitrile  was  heated  to  5o°-6o°,  with  20  per  cent 
sodium  hydroxide  solution  it  dissolved  to  a  clear  liquid. 
Upon  acidifying  this  alkaline  solution  with  hydrochloric  or 
sulphuric  acid  carbon  dioxide  was  evolved,  and  an  immediate 
precipitate  was  obtained.  It  was  identified  as  unaltered  ben- 
zenesulphonylaminoacetonitrile,  melting  at  80°.     Analysis  : 


Calculated  for 
CsHgOaNsS. 

Found. 

14-33 

14-55 

N 

Benzenesulphonylhenzylaminoacetonitrile, 
CgHjSO.NCCHjCgHJCHjCN.— This  nitrile  was  prepared  in  the 
usual  way,  by  acting  on  the  sodium  salt  of  benzenesulphonyl- 
aminoacetonitrile  with  benzyl  chloride.  It  was  very  soluble 
in  benzene  and  alcohol,  but  insoluble  in  water.  It  crystallized 
from  dilute  alcohol  in  colorless  prisms,  melting  at  68°-7o°. 
Analysis  : 


Calculated  for 

C,6H,402NjS. 

Found. 

9-79 

9-83 

N 

Benzenesulphonylhenzylaminoacetic  A  cid, 
CeH5SO,N(CH,C,H5)CH,COOH.— This  acid  was  obtained  by 
prolonged  hydrolysis  of  its  nitrile  with  concentrated  hydro- 
chloric acid.  It  was  insoluble  in  both  hot  and  cold  water.  It 
was  extremely  soluble  in  alcohol  and  glacial  acetic  acid. 
When   the   latter  solution  was  diluted  with   water  the  acid 

1  Loc.  cit. 
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^parated  first  as  an  oil,  which  soon  solidified  in  the  form  of 
needles.     It  melted  at  123°-! 25°.     Analysis: 

Calculated  for 
C]6H]604NS.  Found. 

N  4-59  4.79 

Benzenesulphonyl-p-nitrohenzylaminoacetonitrile, 

QH^SO.NCCH.CaH.NOCH.CN. From   benzenesulphonyl- 

aminoacetonitrile  and  paranitrobenzyl  chloride.  It  was  readily 
soluble  in  hot  alcohol  and  separated,  on  cooling,  in  the  form  of 
prisms.     It  melted  at  i23°-i25*'.     Analysis  : 


Calculated  for 

C16H13O4N3S. 

Pound. 

12.68 

12.80 

N 

Benzenesulphonyl-p-nitrohenzylaminoacetic  A  cid, 
C,H5SO,N(CH,CeH,NO,)CH3COOH.— This  acid  could  not  be 
obtained  under  the  same  conditions  as  the  preceding  acids  de- 
scribed in  this  paper.  In  order  to  hydrolyze  the  correspond- 
ing nitrile  it  was  necessary  to  heat  with  concentrated  hydro- 
chloric acid  at  145°-!  50°,  for  5  hours.  It  crystallized  from 
alcohol  in  hair-like  needles  and  melted,  with  decomposition,  at 
2io°-2i2°.     Analysis: 

Calculated  for 
CisHuOeNjS.  Found. 

N  8.00  7.61 

An  attempt  was  made  to  hydrolyze  this  acid  to  paranitro- 
benzylaminoacetic  acid,  by  heating  with  hydrochloric  acid. 
After  heating  for  6  hours,  at  170°-! 80",  the  acid  was  recov- 
ered unaltered  and  melting  sharply  at  2io°-2i2°,  with  efier- 
vescence.  It  was  again  heated  for  3  hours,  at  200°.  Under 
these  conditions  the  acid  was  completely  decomposed  into 
resinous  material. 

Ethyl  benzenesulphonylcyanmethylaminoacetate, 

C,H5SO,N(CH,CN)CH,COOC3H5. Benzenesulphonylamino- 

acetonitrile  was  dissolved  in  alcohol  containing  a  molecular 
proportion  of  sodium  ethylate.  To  this  solution  was  added 
the  calculated  quantity  of  ethyl  chloracetate  and  it  was  then 
heated  on  the  steam-bath  until  the  solution  was  neutral  to  litmus. 
After  evaporating  the  alcohol  and  treating  as  usual  with  water, 
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an  oil,  was  obtained  which  finally  solidified.  It  was  washed 
with  a  cold,  dilute  solution  of  sodium  hydroxide  and  then  crys- 
tallized from  benzene  and  petroleum  ether.  It  crystallized  in 
radiating  needles,  which  melted  at  68°-7o°.     Analysis  : 

Calculated  for 
C12H14O4N2S.  Found. 

N  9-92  9-55 

C,H,SO,N 

CH,      CH, 
2,6-Diketo-4-benzenesulphonylpiperazine,  |  |       . — 

CO        CO 

\/ 

NH 

This  piperazine  derivative  was  obtained  when  the  above  ethyl 
benzenesulphonylcyanmethylaminoacetate  was  warmed  with 
sodium  hydroxide  solution,  at  53°,  until  all  had  dissolved. 
When  the  alkaline  solution  was  acidified  with  hydrochloric  or 
sulphuric  acid  the  piperazine  separated  in  the  form  of  prisms. 
It  melted  at  i98°-i99°,  with  violent  effervescence.  Analysis 
(Kjeldahl)  : 

Calculated  for 
C10H10O4N2S.  Found. 

N  11.02  II. 17 

This  compound  was  very  stable  in  contact  with  concentrated 
sulphuric  acid.  It  was  dissolved  in  concentrated  sulphuric 
acid  and  allowed  to  stand  for  3  hours.  When  water  was 
added  to  the  acid  solution  the  unaltered  piperazine  separated 
and  melted  sharply  at  i98°-i99°.  The  compound  is  soluble 
in  sodium  hydroxide.  Addition  of  silver  nitrate  produces  a 
white,  crystalline  precipitate  of  the  silver  salt. 

Behavior  of  2,6-diketo-4-henzenesulphonepiperazine  towards 
Hydrochloric  Acid. — Three  and  three-tenths  grams  of  the  piper- 
azine were  heated  in  a  sealed  tube,  with  concentrated  hydro- 
chloric acid,  for  2  hours,  at  140^-150°.  On  cooling,  long, 
needle-like  prisms  separated.  The  hydrochloric  acid  was 
evaporated  on  the  steam-bath  and  the  crystalline  residue  was 
recrystallized  from  alcohol.  It  separated  in  stout  prisms 
which  decomposed,   with    effervescence,    at    225°-240°.     The 
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crystals  were  free  from  sulphur  but  contained  chlorine.  The 
compound  was  extremely  soluble  in  water.  It  behaved  in 
every  respect  like  the  hydrochloric  acid  salt  of  imidodiacetic 
acid,  NH(CH,COOH)2.'  In  order  to  obtain  the  free  acid,  the 
hydrochloride  was  dissolved  in  water  and  digested  with  an  ex- 
cess of  silver  oxide.  The  silver  chloride  was  filtered  off  and 
then  the  excess  of  silver  removed  with  hydrogen  sulphide. 
When  the  solution  was  evaporated  a  beautiful  crop  of  colorless 
prisms  separated,  which  decomposed,  with  violent  eflfervescence, 
at  235°-236°.  The  compound  possessed  the  properties  of  an 
acid  and  a  base  and  agreed  in  its  chemical  behavior  with  the 
imidodiacetic  acid  described  by  Heintz^  and  Eschweiler.* 
Eschweiler  states  that  this  acid  melts,  with  decomposition,  at 
about  225°.  It  has  also  been  our  experience  that  this  decom- 
position point  is  not  definite  and  varies  according  to  the  rate 
of  heating.     Analysis  (Kjeldahl)  : 


Calculated  for 
C4H7O4N. 

Found. 

10.5 

10.14 

N 

2-Ethoxy-4-henzenesulphonyl-6-ketopiperazine, 
C,H,SO,N 

CH,     CH, 

I  I  . — This    derivative    was    obtained    when 

CO       COC.H, 

\  ^ 

N 

ethyl  iodide  was  allowed  to  act,  at  ordinary  temperatures,  in 
ether,  on  the  silver  salt  of  2,6-diketo-4-benzenesulphonyl- 
piperazine.  After  standing  for  24  hours  the  silver  iodide  was 
filtered  ofi"  and  the  ether  solution  evaporated  to  dryness.  The 
ethyl  derivative  crystallized  from  alcohol  in  pyramids  and 
melted  sharply  at  130"- 132°.     Analysis  (Kjeldahl)  : 


Calculated  for 
C12H14O4N2S. 

Found. 

9-9 

9.76 

N 
Some  of  this  ethoxy  derivative  was  heated  in  a  sealed  tube, 

'  Ann.  Chem.  (I<iebig),  136,  213. 

*  /bid.,  124,  297;  "45.  49;  149.  88;  156,  51. 

»/bid.,  378,  232. 
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with  ethyl  iodide,'  for  2.5  hours,  at  150°.  No  molecular  rear- 
rangement to  the  isomeric  nitrogen  alkyl  derivative  took  place 
under  these  conditions.  The  unaltered  piperazine  was  ob- 
tained, melting  at  130°-! 32°.  When  mixed  with  some  of  the 
original  material  the  melting  point  was  not  lowered. 

Benzenesulphonylhenzoylaminoacetonitrile, 
CeHjSO.NCCOCeHJCH.CN.— Thisnitrile  was  prepared  by  sus- 
pending the  potassium  salt  of  benzenesulphonylaminoacetoni- 
trile  in  dry  benzene  and  digesting  with  a  molecular  proportion 
of  benzoyl  chloride,  until  the  reaction  was  complete.  It  crys- 
tallized from  95  per  cent  alcohol  in  radiating  needles  and 
melted,  to  a  clear  oil,  at  iio°-ii2°.     Analysis  (Kjeldahl)  : 

Calculated  for 

C15H12O3N2S.  Found. 

N  9.33  9.63 

When  the  nitrile  was  boiled  with  concentrated  hydrochloric 
acid  it  was  hydrolyzed  to  a  mixture  of  benzoic  acid  and  ben- 
zenesulphonylaminoacetic  acid.  On  prolonged  boiling  the 
benzenesulphonylaminoacetic  acid  was  decomposed  into  resin- 
ous material. 

Action  of  Phosphorus  Pentachloride  on  Benzenesulphonyl- 
aminoacetic Acid. — Nine  grams  of  benzenesulphonylaminoacetic 
acid  were  suspended  in  acetyl  chloride  and  a  slight  excess  over 
I  molecular  proportion  of  phosphorus  pentachloride  was 
added.  Hydrochloric  acid  began  to  be  evolved  immediately. 
The  solution  was  allowed  to  stand  for  about  12  hours  and  a  few 
more  grams  of  phosphorus  pentachloride  were  added.  After  the 
solution  had  been  allowed  to  remain  for  24  hours  it  was  fil- 
tered and  the  acetyl  chloride  and  phosphorus  oxychloride  re- 
moved by  distilling  at  100°,  in  a  vacuum.  By  this  means  we 
obtained  a  tar  which  was  insoluble  in  benzene  and  ligroin.  It 
had  a  strong  odor  of  benzenesulphonyl  chloride.  The  tar  was 
suspended  in  benzene  and  warmed  with  a  liberal  excess  of  ani- 
line, for  6  hours.  The  benzene  solution  was  then  filtered  and 
allowed  to  evaporate  spontaneously.  After  standing  a  few 
days  large,  well-developed  prisms  separated,  which  melted 
sharply  at  io9°-no°,  to  a  clear  oil.     The  product  was  identi- 
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fied  as  benzenesulphonylanilide.  When  the  compound  was 
mixed  with  pure  benzenesulphonylanilide  the  melting  point 
was  not  lowered.     Analysis  : 

Calculated  for 
CiaHiiOoNS.  Found. 

N  5-99  5-85 

Carhethoxyaminoacetonitrile,  C^HjOOCNHCHjCN.— This  ni- 
trile  was  obtained  as  an  oil  when  an  aqueous  solution  of  the 
sulphate  of  aminoacetonitrile  was  treated,  alternately,  in  the 
cold,  with  sodium  hydroxide  and  ethyl  chlorformate.  It 
boiled  at  175°  (35  mm.)-  When  pure  it  showed  a  great  ten- 
dency to  crystallize.  It  was  very  soluble  in  alcohol  and  ben- 
zene. It  crystallized  from  petroleum  ether  in  beautiful,  radia- 
ting prisms  and  melted  at  48°-50°,  to  a  clear  oil,  without 
effervescence.     Analysis  : 

Calculated  for 
CsHgOaNs.  Found. 

N  21.87  21.85 

Action  of  Benzenesulphony  lamina  acetic  Acid  on  Pyrocatechol. — 
Eight  grams  of  pyrocatechol  and  13  grams  of  benzenesul- 
phonylaminoacetic  acid  were  melted  together,  at  130°.  To 
the  fused  material  were  added  15  grams  of  phosphorus  oxy- 
chloride  and  the  mixture  heated  on  the  steam-bath.  Hydro- 
chloric acid  was  evolved  and  the  mass  assumed  a  deep  red 
color.  After  the  evolution  of  hydrochloric  acid  had  practically 
ceased  the  product  was  poured  upon  finely  crushed  ice.  An 
oil  separated  which  finally  solidified.  It  was  soluble  in  hot 
water  and  was  deposited,  on  cooling,  as  an  oil  which  after- 
wards solidified.  After  recrystallizing  from  alcohol  and  ben- 
zene it  was  identified  as  unaltered  benzenesulphonylamino- 
acetic  acid,  melting  at  166°.     Analysis  : 


N 

New  Haven,  Conn., 
June  20,  1905. 

Calculated  for 
C8H9O4NS. 

6.5 

Found. 
6.2 
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GRIGNARD  SYNTHESES  IN  THE  FURFURAN  GROUP. 

By  W.  J.  Hale,  W.  D.  McNally  andC.  J.  Pater. 

In  the  course  of  a  series  of  investigations  upon  furfuran  de- 
rivatives our  attention  has  been  called  to  the  alcohols  of  this 
group.  There  are,  in  fact,  very  few  of  such  compounds 
known — the  only  notable  case  being  that  of  furfuryl  alcohol 
itself. 

The  Grignard  reaction,  through  the  use  of  the  organomag- 
nesium  compounds,  offers  a  most  serviceable  method  for 
preparing  these  alcohols.  Grignard  mentions  an  isolated 
case  of  isoamylfurfuryl  carbinol,*  obtained  by  the  action  of 
isoamylmagnesium  bromide  upon  furfuraldehyde.  Phenyl, 
magnesium  bromide  does  not  react  in  a  similar  manner  with 
the  aldehyde,  but  there  results  only  the  production  of  large 
quantities  of  diphenyl  instead  of  the  anticipated  phenylfur- 
furyl  carbinol.  It  has  also  been  found  that  benzylmagnesium 
chloride  behaves  in  the  same  manner,  giving  the  hydrocarbon 
dibenzyl. 

Turning  our  attention  then  from  the  secondary  alcohols, 
obtainable  with  diflBculty,  we  find,  on  the  other  hand,  that  the 
preparation  of  members  of  the  tertiary  class  is  comparatively 
easy.  For  this  purpose  the  esters  of  pyromucic  and  dehj'dro- 
mucic  acids  have  been  selected.  The  action  of  the  various 
organomagnesium  compounds  upon  these  esters  has  served  to 
produce  a  number  of  alcohols  of  varying  chemical  properties. 
Owing  to  the  great  ease  with  which  hydrochloric  and  other 
acids  break  up  such  alcohols,  their  conversion  into  halides, 
through  the  use  of  phosphorus  compounds,  is  made  impossible- 
In  this  respect  we  may  compare  the  action  of  mineral  acids 
upon  the  furfuryl  alcohol  of  Wissell  and  Tollens.'  As  is  best 
shown  in  diphenylfurfuryl  carbinol,  this  decomposition  is  often 
accompanied  with  the  production  of  a  deep  green  or  blue 
color,  while  the  residue  is  a  dark  red  resin.  Though  the  fur- 
furyl group  is  very  sensitive  to  mineral  acids,  it  is  much  more 

1  Centrabl.,   1901,  p.  623. 

2  Ann.  Chem.  (I,iebig),  27a,  295  (1893). 
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stable  when  substituted  in  the  o'.a'-positions,  as  in  derivatives 
of  dehydromucic  acid.  None  of  these  alcohols,  when  perfectly 
pure,  will  redden  aniline  acetate,  but,  upon  standing,  the  alco- 
hol of  the  a-furfuryl  type  slowly  undergoes  a  change,  whereby 
some  furfuraldehyde  is  liberated  and  hence,  upon  addition  of 
the  aniline  salt,  the  characteristic  red  color  will  be  developed. 

The  presence  of  hydroxyl  groups  in  these  alcohols  may 
easily  be  confirmed  by  the  Tschugaefif  reaction,^  but  as  a  means 
of  further  identification,  alkyl  ethers  of  the  various  alcohols 
were  made  and  analyzed.  The  method  here  employed  consists 
in  the  action  of  alkyl  haloids  upon  the  alkali  salts,  but  is 
shortened  greatly  by  the  use  of  solid  potassium  hydroxide  with 
mixtures  of  the  alkyl  haloid  and  the  alcohol  in  question,  a 
method  followed  by  Wissell  and  Tollens  in  their  work  upon 
furfuryl  alcohol.  Several  attempts  were  made  to  prepare  es- 
ters, as  by  the  use  of  benzoyl  chloride,  but  only  negative  re- 
sults could  be  obtained,  decomposition  in  most  cases  having  in- 
terfered with  the  process. 

The  reactions  employed  may  be  shown  by  the  following  ex- 
ample of  pyromucic  ester  and  phenylmagnesium  bromide  : 

HC  :  CCCOOC.HJv 

I  >0  -j-  2BrMgC,H,     = 

HC  :  C / 

HC  :  C(C(C,H,),OMgBr). 

I  >0  +  BrMgOC,H,; 

HC  :  C / 


HC  :  C(C(C,H,),OMgBr) 


HC 


O  +  H,0     = 


HC  :  C(C(C,H,),OH. 

I  >0  +  BrMgOH. 

HC  :  C / 

In  the  case  of  dehydromucic  ester  we  should  have,  under 
similar  conditions,  the  following  result  : 
HC  :  CCCOOCjHJ, 


HC  :  C(COOC,H,) 


0  +  4BrMgC,H,     -- 


HC  :  C(C(C«H,),OH)v 
HC  :  C(C(C«H,),OH)/ 


*  Ber.  d.  chem.  Ges.,  35,  3912  (1902). 
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EXPERIMENTAL. 

Diphenyl-a-furfurylcarhinol,  C.HgOCC^H^),  ;  COH.— Into  a 
mixture  of  15.65  grams  brombenzene  (2  mols.),  and  2.4 
grams  of  magnesium  ribbon  (2  mols.),  all  of  which  had  been 
brought  into  solution  by  very  gentle  boiling  for  an 
hour  or  more  under  a  reflux  condenser,  on  the  wattr- 
bath,  there  was  gradually  added  7  grams  (i  mol.)  of  ethyl 
pyromucate^  previously  dissolved  in  dry  ether.  The  reaction 
takes  place  almost  immediately  and,  after  3-4  hours'  further 
boiling,  a  deep,  purple  color  is  seen  to  have  developed,  while  a 
solid  substance  separated  out.  The  whole  is  now  treated  with 
cold  water  to  decompose  the  magnesium  compound  and  enough 
dilute  acetic  acid  added  to  effect  complete  solution  of  the 
magnesium  salts.  To  the  clear  contents  of  the  vessel 
more  ether  is  added  and  the  ethereal  layer  removed.  The 
residue  obtained  from  this  ether  extract  was  now  distilled  with 
steam,  in  order  to  remove  any  unchanged  ester  or  brombenzene 
that  may  possibly  be  present.  Only  a  small  amount  of  di- 
phenyl  was  seen  to  collect  in  the  distillate,  while  from  the  dis- 
tilling flask  the  light  brown,  solid  product  was  removed  and 
placed  upon  porous  plate  to  dry.  This  alcohol  may  be  puri- 
fied by  crystallization  from  low  boiling  ligroin  (40°-6o°).  The 
yield  is  70  per  cent  of  the  theory.  Diphenyl-a-furfuryl  car- 
binol  is  soluble  in  ether,  alcohol,  chloroform,  benzene,  ethyl 
acetate,  or  in  warm  ligroin,  crystallizing  from  the  last  in 
beautiful,  colorless,  rhombic  prisms,  melting  at  92°. 4  (corr.). 

0.1752  gram  substance  gave  0.5222  gram  COj  and  0.0905. 
gram  H^O. 

Calculated  for 

CnHi402.  Found. 

C  81.56  81.31 

H  5.64  5-78 

Diphenyl-a-furfuryl  carbinol  resembles,  in  many  respects,  the 
furfuryl  alcohol  of  Wissell  and  Tollens.'  Though  its  sensi- 
bility to  mineral  acids  is  not  so  marked,  it  readily  undergoes 
decomposition  with  dilute  hydrochloric  acid  into  a  resin-like 

1  Ann.  Chem.  (Uebig),  25,  276  (1838). 
Ibid.,  273,  295  (1893). 
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substance.  Upon  warming  this  alcohol  with  hydrochloric  acid 
the  green  color  at  first  developed  passes  into  a  deep  purple  or 
violet,  a  condition  more  readily  obtainable  when  anhydrous 
acid  is  employed.  Heating  with  water  at  high  temperatures 
effects  a  decomposition  of  the  alcohol,  and  even  upon  standing 
in  the  air  or  in  vacuum  for  a  short  period  the  alcohol  melts 
into  a  gummy  mass,  acquiring,  simultaneously,  a  dark  red  color. 
For  a  few  days  this  alcohol  may  be  preserved  by  suspension  in 
ligroin. 

Methyl  Ether  of  Diphenyl-a-furfuryl  Carbinol, 
C^HgOCCgHj),  ;  COCH3.— This  ether  was  prepared  in  the 
same  manner  as  furfuryl  methyl  ether, ^  the  simplest  of 
the  class  of  furfuryl  ethers.  Four  grams  of  the  alcohol  were 
dissolved  in  5  grams  of  methyl  iodide  and  to  the  solution,  kept 
cool  by  an  ice  mixture  and  shaken,  there  was  gradually  added 
2  grams  of  finely  pulverized  potassium  hydroxide.  The 
mixture  slowly  warms  up  to  the  boiling-point  and  is 
finally  removed  to  a  water-bath,  where  it  is  gently  warmed, 
under  a  reflux  condenser,  till  no  further  action  is  noticed.  A 
small  quantity  of  water  is  now  added  and  the  alcoholic  layer 
removed  by  extraction  with  ether.  This  ether  extract  was 
thoroughly  dried  over  calcium  chloride  and  then  a  small  piece 
of  sodium  dropped  into  it,  to  unite  with  any  unchanged  alco- 
hol. Only  the  slightest  amount  of  hydrogen  escaped,  hence 
the  action  must  have  been  practically  complete.  The  filtered 
ether  extract  was  now  evaporated  and  the  pleasant  smelling 
product  submitted  to  distillation,  in  vacuo.  A  colorless  oil 
passes  over  at  2o6°-207°  (26  mm.).  This  colorless  distillate 
has  sp.  gr,  1.1195  at  20°.  Upon  standing  it  gradually  ac- 
quires a  yellow  color  and,  like  the  alcohol  itself,  is  very  sensi- 
tive to  the  action  of  mineral  acids,  undergoing,  thereby,  a  de- 
composition into  resinous  substances.  The  yield  of  the  ether 
is  quantitative. 

0.3092  gram  substance  gave  0,9280  gram  CO^ando.  1701 
gram  H^O. 

1  Ann.  Chem.  (Liebig),  372,  296  (1893). 
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Calculated  for 

Found. 

c 

81.78 

81.86 

H 

6.09 

6.15 

DiethyUa-furfuryl  Carhinol,  C^HjOCC^Hj),  \  COH.— Into  an 
ethereal  solution  of  ethylmagnesium  iodide,  prepared  from  2.4 
grams  magnesium  and  15.6  grams  ethyl  iodide,  there  was  grad- 
ually added  an  ethereal  solution  containing  7  grams  ethyl  pyro- 
mucate.  After  3  hours'  boiling  under  a  reflux  condenser  the  re- 
action is  completed.  The  mixture  was  treated  with  water  contain- 
ing only  enough  acetic  acid  to  effect  solution  and  then  extracted 
with  ether.  The  ether  extract,  freed  from  the  presence  of  any 
acid  by  sodium  carbonate  and  dried  over  calcium  chloride,  was 
allowed  to  evaporate  in  a  vacuum  desiccator.  The  product 
obtained  could  not  be  purified  by  distillation,  owing  to  the  ease 
with  which  it  underwent  decomposition,  but  it  is  undoubtedly 
thediethyl-a-furfurylcarbinol.  It  is  light  yellow  in  color  and  pos- 
sesses a  pleasant,  ethereal  color.  Upon  standing  it  was  seen 
to  become  dark  ;  finally,  by  placing  it  in  a  vacuum  desiccator, 
this  color  increased  in  depth  until,  after  a  few  days,  the  whole 
was  found  to  have  solidified  to  a  dark  brown,  crystalline  mass, 
having  undergone,  therefore,  a  complete  transformation  into 
another  derivative. 

i-Methyl-2-ethyl-a-furfuryl  Ethylene, 
C.HjOCCCjHj)  :  CHCH3.— This  ethylene  derivative  is  most 
naturally  to  be  expected  from  the  foregoing  alcohol  as  the  re- 
sult of  dehydration,  a  condition  often  brought  about  in  these 
tertiary  alcohols  by  long  standing.  The  molecule  of  water 
thus  lost  from  the  hydroxyl  group  and  a  hydrogen  atom  of  an 
ethyl  group  in  the  diethylfurfuryl  carbinol,  may  much  more 
readily  be  eliminated  through  the  agency  of  gentle  heat.  In 
many  cases  this  conversion  into  unsaturated  hydrocarbons  has 
been  most  effectively  carried  out  through  the  use  of  dehydra- 
ting agents.^  Upon  crystallization  from  ethyl  acetate  the 
product  appeared  in  fine,  long,  colorless  needles.  Several 
crystallizations  quickly  made  gave  a  product  not  so  crystalline, 

'B6hal:  Compt.  rend.,  132,  480  (1901).  Tissier  and  Grignard  :  Ibid.,  13a,  1182 
(1901).    Klages  :  Bar.  d.  chem.  Ges.,  35,  2646  (1902).    Hell :  Ibid.,  37,  225,  230  (1904). 
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but  if  the  crystallization  is  carried  out  slowly  the  needles  at 
first  formed  pass  over  into  a  second,  more  stable  variety,  that  of 
small,  colorless,  rhombic  prisms.  This  i-methyl-2-ethyl-a- 
furfuryl  ethylene  is  soluble  in  chloroform,  benzene,  carbon  bi- 
sulphide, ether  or  ligroin.  It  is  soluble  in  warm  acetone  or 
ethyl  acetate,  from  either  of  which  it  may  be  crystallized.  It 
is  insoluble  in  water  and  but  sparingly  soluble  in  hot  alcohol. 
A  solution  of  bromine  in  carbon  bisulphide  is  immediately  de- 
colorized by  this  compound.  The  best  defined  rhombic  prisms 
are  obtained  by  crystallization  from  ethyl  acetate  and  give  the 
constant  melting  point  249°  (corr.). 

0.1066  gram  substance  gave  0.3100  gram  CO^  and  0.0866 
gram  HjO. 


Calculated  for 

CgHi^O. 

Found. 

c 

79-36 

7931 

H 

8.88 

9.08 

The  action  of  methylmagnesium  iodide  upon  pyromucic 
ester  gave  a  red-colored  liquid  of  pleasant  odor,  but,  owing  to 
its  instability,  nothing  could  be  done  with  it. 

Dibenzyl-a-furfurylCarbinol,  C^HaOCCgHsCHJ,  ;  COH.-Into 
an  ethereal  solution  of  benzylmagnesium  chloride,^  prepared 
from  0.96  gram  magnesium  and  5.04  grams  benzyl  chloride, 
there  was  gradually  added  5.6  grams  of  ethyl  pyromucate,  dis- 
solved in  dry  ether.  After  3  hours'  boiling,  under  a  reflux  con- 
denser, upon  a  water-bath,  the  reaction  was  at  an  end  ;  in  the 
meantime  a  yellow  solid  had  separated  out  upon  the  walls  of  the 
flask.  The  entire  contents  of  the  flask  were  now  decomposed 
with  cold  water,  previously  acidulated  with  acetic  acid,  and 
the  resulting  clear  solution  extracted  with  ether.  This 
ethereal  extract,  freed  from  its  ether,  was  subjected  to  distil- 
lation by  steam  for  a  half  hour  or  more,  after  which  the  solid 
product  that  collects  upon  the  walls  of  the  vessel  was  again 
taken  up  in  ether,  the  ethereal  solution  dried  over  calcium 
chloride  and  then  allowed  to  evaporate.  Dibenzyl-a-furfuryl 
carbinol  is  very  soluble  in  ether,  chloroform,  benzene,  carbon 
bisulphide,  or  acetone  ;  fairly  soluble  in  alcohol  and  insoluble 

1  Ber.  d.  chem.  Ges.,  37,  455  (1904). 
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in  water.  It  is  soluble  iu  hot  ligroin,  from  which  it  crystal- 
lizes in  beautiful,  silky  needles  showing  a  constant  melting- 
point  of  82°. 7  (corr.).  This  alcohol  is  much  more  stable  than 
the  corresponding  diphenyl  derivative.  It  does  not  decom- 
pose by  standing  but,  through  the  action  of  strong  hydrochloric 
•acid,  rapidly  assumes  a  deep  green  color,  undergoing  at  the 
same  time  complete  decomposition. 

0.1682  gram  substance  gave  0.5053  gram  CO^  and  0.1008 
gram  H^O. 


Calculated  for 
CioHigOa. 

Found 

c 

81.98 

81.94 

H 

6.52 

6.70 

Methyl  Ether  of  Dihemyl-a-furfuryl  Carbinol, 
C.HgOCCgH.CH^),  ;  COCH3.  —Into  a  mixture  of  2  grams  of  the 
alcohol  with  2.5  grams  of  methyl  iodide  contained  in  a  flask, 
kept  cool  by  ice-water,  there  was  gradually  added  i  gram  of 
finely  pulverized  potassium  hydroxide.  The  reaction  is  con- 
ducted in  the  same  manner  as  described  under  the  preparation 
of  methyl  diphenyl- ar-furfuryl  ether.  From  the  ether 
extract,  as  finally  obtained,  there  separated  a  yellow, 
crystalline  compound.  This  methyl  ether  is  extremely  soluble 
in  all  of  the  ordinary  media,  though  but  fairly  soluble  in  warm 
alcohol  and  insoluble  in  water.  It  may,  however,  with  care, 
be  crystallized  from  low  boiling  ligroin  (40°-6o°)  in  which  it 
dissolves  by  gentle  warming.  The  crystals  appear  in  long, 
colorless  needles,  melting  at  61°. 2  (corr.). 

0.1505  gram  substance  gave  0.4524  gram  CO2  and  0.0956 
gram  H3O. 

Calculated  for 

C20H20O2.  Found. 

C  82.15  81.99 

H  6.90  7.10 

Tetraphenyl-a,a'-furfuryl  Dicarbinol,  C^H^O  :  [CCCgHJ^OH],. 
— Into  an  ethereal  solution  of  phenylmagnesium  bromide,  con- 
taining 2.4  grams  of  magnesium  and  15.7  grams  of  bromben- 
zene,  there  was  gradually  added  5.3  grams  ethyl  dehydro- 
mucate,'  dissolved  in  dry  ether.     After  boiHng  the  contents  of 

1  Ann.  Chem.  (Liebig),  193,  190  (1878). 
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the  flask  over  a  water-bath  for  some  4  hours  and  allowing  it  to 
stand  over  night,  a  sufficient  quantity  of  water,  containing 
acetic  acid,  was  added  and  the  whole  thus  brought  into  solu- 
tion. The  ethereal  layer,  upon  decantation,  was  freed  from 
ether  and  distilled  with  steam,  in  order  to  remove  any  un- 
changed ester  that  may  be  present ;  in  this  case  only  small 
quantities  of  diphenyl  were  collected  in  the  distillate.  The 
yellow  mass  remaining  in  the  distilling  flask  was  now  taken  up 
in  ether  and  the  ethereal  solution  warmed  with  a  small  amount 
of  bone-black,  filtered,  dried  over  calcium  chloride  and  allowed 
to  evaporate  ;  a  light  yellow  residue  was  obtained,  amounting 
to  about  60  per  cent  of  the  theoretical  yield.  Tetraphenyl- 
a,a'-furfuryl  dicarbinol  is  soluble  in  alcohol,  ether,  acetone,  or 
chloroform,  readily  soluble  in  benzene  and  almost  insoluble  in 
ligroin.  It  dissolves  easily  in  hot  carbon  bisulphide,  crystal- 
lizing out  on  cooling.  It  is  insoluble  in  water.  From  solu- 
tion in  ether  and  ligroin,  its  best  solvent,  there  is  thrown  out, 
upon  spontaneous  evaporation,  small,  colorless,  rhombic  crys- 
tals. These,  after  several  crystallizations,  melted  at  165°.  5 
(corr.)  to  a  pure,  red  liquid.  This  alcohol  is  more  stable  than 
the  corresponding  diphenyl-a-furfuryl  carbinol.  It  may  be 
preserved  for  some  time,  though,  on  standing,  it  soon  acquires 
a  distinct  yellow  color.  Strong  mineral  acids  decompose  it, 
but  not  with  the  same  ease  with  which  they  act  upon  diphenyl- 
a-furfuryl  carbinol. 

0.2207  gram  substance  gave  0.6722  gram  C02ando.ii26 
gram  H^O. 


Calculated  for 

C30H04O3. 

Found. 

c 

83-30 

83.07 

H 

5-59 

5-71 

Methyl  Ether  of  Teiraphenyl-a,a'-furfuryl  Dicarbinol, 
C,H,0  :  [C(C6H5)20CH3]2.— In  the  same  manner  as  described 
under  the  preparation  of  diphenyl-a-furfuryl  carbinol  ether,  2 
grams  of  tetraphenyl-ar,a'-furfuryl  dicarbinol  were  treated  with 
an  excess  of  methyl  iodide  (5  grams)  and  potassium  hydroxide 
(2  grams).  The  dry  ether  extract  was  allowed  to  evaporate 
in  vacuo  as,  otherwise,  only  a  viscous  mass  could  be  obtained. 
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The  crystalline  residue  could  most  readily  be  freed  from  im- 
purities by  digesting  it,  in  the  cold,  with  low  boiling  ligroin 
(40°-6o°  ) .  The  remaining  portion  was  next  taken  up  in  warm 
ligroin  of  the  same  boiling-point  and  the  solution  set  in  a 
vacuum  desiccator  to  crystallize.  In  this  manner  a  white 
product  appeared  which,  after  several  similar  crystallizations, 
gave  the  pure  methyl  ether.  This  methyl  ether  is  very  solu- 
ble in  chloroform,  ether,  benzene,  acetone,  carbon  disulphide, 
or  high  boiling  ligroin.  It  is  sparingly  soluble  in  low  boiling 
ligroin  or  alcohol  and  insoluble  in  water.  The  pure  ether 
crystallizes  best  from  alcohol,  in  white  needle  clusters,  melting 
at  88°. 2  (corr. ).  When  exposed  to  the  air  it  gradually  melts 
to  an  indistinct  mass. 

0.1298  gram  substance  gave  0.3966  gram  CO^  and  0.0742 
gram  HjO. 


Calculated  for 

CaoHosOj. 

Found. 

c 

83-44 

83.33 

H 

6.13 

6.39 

Ethyl  Ether  of  TetraphenyUa,cx.' -furfuryl  Dicarbinol, 
(C.H^O)  :  [C(CsH5),OC2Hj2— By  the  action  of  potassium  hy- 
droxide upon  a  solution  of  tetraphenyl-a,a'-furfuryl  dicarbinol, 
in  ethyl  iodide,  in  accordance  with  the  method  described  in  the 
preparation  of  the  previous  ethers,  the  ethyl  ether  of  this 
alcohol  was  readily  obtained.  The  product  has  a  fine,  crystal- 
line appearance  and  is  very  soluble  in  alcohol,  ether,  acetone, 
or  chloroform  ;  fairly  soluble  in  benzene  or  carbon  bisulphide  ; 
insoluble  in  water  and  almost  insoluble  in  ligroin.  It  may 
best  be  crystallized  out  of  ether  and  ligroin,  from  which  it  ap- 
pears in  rhombic  prisms,  melting  at  171°  (corr.).  The  ethyl 
ether  is  a  much  more  stable  compound  than  the  corresponding 
methyl  ether.  Upon  standing  it  slowly  acquires  a  distinctive 
yellow  color  and,  when  melted,  undergoes  decomposition  into  a 
red  product. 

0.1489  gram  substance  gave  0.4564  gram  CO,  and  0.0899 
gram  H,0. 
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Calculated  for 

C84H32O8.  Found. 

C  83.56  83.60 

H  6.60  6.75 

The  preparations  of  tetraethyl-  and  tetramethyl-ar,a'-fur- 
furyl  dicarbinols  were  attempted  but  the  light  red  colored 
liquids  obtained  could  not  be  satisfactorily  worked  up.  They 
possessed  a  most  pleasant  ethereal  odor  and  slowly  underwent 
decomposition,  even  at  ordinary  temperatures. 

Tetrahenzyl-a ,a' -furfuryl  Dicarbinol, 
C,H,0  :  [C(C6H5CH,),OH],.— Into  a  solution  of  benzylmagne- 
sium  chloride,  prepared  from  2.3  grams  magnesium  and  12 
grams  of  benzyl  chloride,  in  dry  ether,  an  ethereal  solution  of 
5  grams  of  ethyl  dehydromucate  was  slowly  added.  After 
some  3  hours'  boiling  upon  the  water-bath  the  reaction  is  at  an 
end,  the  product  was  allowed  to  stand  a  short  time  and  was 
then  decomposed,  in  the  usual  way,  with  water  containing 
acetic  acid.  The  whole  was  then  extracted  with  ether,  which, 
in  turn,  must  be  freed  from  any  acid  by  sodium  carbonate  and 
then  dried  over  calcium  chloride.  The  residue  from  the  ether 
extract  was  now  submitted  to  distillation  with  steam  for  a 
short  time,  to  remove  any  unchanged  ester  and  the  dibenzyl 
usually  present.  The  yellow  substance  thus  left  in  the  dis- 
tilling flask  was  again  taken  up  in  ether,  treated  with  bone- 
black,  dried  over  calcium  chloride  and  then  allowed  to  evapo- 
rate in  a  vacuum  desiccator.  The  residue  was  an  extremely 
viscous  mass,  which  refused  to  crystallize  even  after  long  stand- 
ing. Application  of  low  temperature  easily  brought  about  a 
solidification,  but  not  in  the  crystalline  form.  This  solid  prod- 
uct becomes  viscous  again  at  5°-6°.  Tetrabenzyl-a,a'-fur- 
furyl  dicarbinol  is  a  fairly  stable  alcohol,  of  a  light  straw  color, 
possessing  a  very  agreeable  odor.  It  is  soluble  in  all  the  ordi- 
nary media  excepting  ligroin  and  water.  From  mixtures  of 
ligroin  with  the  other  solvents  no  crystalline  product  could  be 
obtained,  in  every  case  the  deposited  substance  was 
viscous.  The  alcohol  boils  at  i93°-i95°  (30  mm.)  but,  as  a 
great  portion  hereby   undergoes  decomposition,  only  a  small 
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Wilson. 


quantity  of  pure  product  can  be  collected.     The  sp.  gr.  of  the 
alcohol  is  1.126  at  27°. 

0.1758  gram  substance  gave  0.5374  gram  CO,  and  0.1046 
gram  HjO. 


C 

H 

Ann  Arbor,  Mich., 
July  22,  1905. 


Calculated  for 
C34H32O3. 

83-56 
6.60 


83-38 

6.66 


SOME   CONCENTRATION   CELLS   IN   METHYL  AND 
ETHYL  ALCOHOLS. 

By  J.  Hunt  Wilson. 

Although  within  the  last  two  decades  measurements  of  con- 
centration cells,  for  the  purpose  of  verifying  the  equations  of 
Nernst  and  Planck,  have  been  numerous,  such  measurements 
have  been  almost  wholly  restricted  to  aqueous  solutions.  Up 
to  the  present  time  I  have  been  unable  to  find  any  measure- 
ments recorded  of  a  non-aqueous  concentration  cell.  Jones^ 
measured  some  cells  of  the  type 


Ag 


AgN03 

AgN03 

in 

in 

water 

alcohol 

N 

N 

10 

10 

Ag, 


in  an  attempt  to  calculate  the  percentage  of  ionization  in  the 
alcoholic  solutions,  but  found  that  the  solution  tension  of  Ag 
has  a  value  much  smaller  in  alcoholic  solutions  than  in  water. 
He  calculated  the  ratio  to  be  about  i  :  42  to  i  :  48. 

Campetti^  gives  the  results  of  some  measurements  similar  to 
those  of  Jones.  He  worked  with  solutions  of  NH^Cl,  LiCl, 
ZnCl^,  CuCl,,  CdCl,,  Znl„  Cdl^,  in  both  water  and  alcohol. 
To  determine  the  potential  differences  he  made  use  of  the 
"  dropping  electrode."  He  states,  as  did  Jones,  that  the  alco- 
holic solution  is  positive  in  reference  to  the  aqueous  solution. 

1  Z.  physik.  Chem.,  14,  346. 
2 /dzrf.,  14,374. 
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My  object  in  taking  up  the  following  work  was  to  determine 
the  electromotive  force  of  a  few  non-aqueous  concentration 
cells. 

As  the  formula  of  Nernst  is  based  on  the  theory  of  elec- 
trolytic dissociation,  its  ability  to  predict  the  electromotive 
force  of  a  non-aqueous  concentration  or  liquid  cell  would 
largely  depend  on  the  extent  to  which  the  theory  of  ionization 
could  be  applied  to  such  solutions.  Restricted  to  aqueous 
solutions,  the  theory  of  electrolytic  dissociation  serves  to  cor- 
relate and  explain  observed  phenomena  very  clearly,  but  its 
extension  to  non-aqueous  solutions  has,  in  many  instances, 
given  rise  to  anomalies  which  can  only  be  harmonized  with  the 
theory  by  the  introduction  of  ideas  of  the  association  of  both 
solvent  and  solute  and  of  combination  between  both.  In  all 
cases,  however,  it  serves  as  an  admirable  ' '  working  hypothe- 
sis." 

Two  formulas  are  available  for  calculating  the  electromotive 
force  of  a  concentration  cell.  The  first  of  these,  that  of  Helm- 
holtz,  is  independent  of  the  ionic  theory  and  calculates  the 
electromotive  force  from  the  vapor  pressures  of  the  two  solu- 
tions of  the  cell.  The  formula  of  Nernst  is  based  on  the  ionic 
theory,  and  involves  a  knowledge  of  the  transport  numbers  of 
the  dissolved  substance  and  of  the  osmotic  pressures  of  the  solu- 
tion.    In  the  formula 


the  ratio  —  is  commonly  set  equal  to  the  ratio  of  the  molecu- 

lar  concentration.  In  dilute,  aqueous  solutions  this  is  ap- 
proximately correct,  but  in  concentrated,  aqueous  solutions 
and  in  non-aqueous  solutions  of  low  ionizing  power,  it  would 
cause  a  large  error  due  to  incomplete  dissociation.  In  such 
cases  the  ratio  of  the  ionic  concentrations  as  calculated  from 
the  conductivities  is  substituted  for  the  ratio  of  the  osmotic 
pressures. 

The  choice  of  a  non-aqueous  concentration  cell  for  measure- 
ment and  calculation  of  its  electromotive  force  is  rather  diffi- 
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cult.  While  of  late  years  measurements  of  the  conductivities 
of  non-aqueous  solutions  have  been  numerous,  there  are  very 
few  compounds,  the  transport  numbers  of  which  are  known  for 
a  non-aqueous  solvent.  Silver  nitrate  is  soluble,  however,  in 
both  methyl  and  ethyl  alcohol,  and  as  values  of  the  conduc- 
tivities and  transport  numbers  of  this  salt  are  available  for 
these  solvents,  I  have  undertaken  the  measurement  of  some 
cells  of  the  type 


Ag 


AgNO, 

in 
alcohol 

ID 


AgNO, 

in 
alcohol 

N 


Ag. 


EXPERIMENTAL  PART. 

All  the  methyl  and  ethyl  alcohol  used  in  the  following  work 
was  purified  by  distillation  from  lime,  anhydrous  copper  sul- 
phate and,  finally,  from  sodium.  Even  alcohol  thus  purified 
gave  a  slight  discoloration  with  silver  nitrate,  but  I  found 
that,  by  distilling  with  a  small  quantity  of  silver  nitrate, 
a  product  was  obtained  which  gave  a  clear  solution.  The  sil- 
ver nitrate  used  was  crystallized  from  water,  dried,  fused  at  a 
gentle  heat  and  then  powdered.  In  distilling  the  alcohols  and 
in  preparing  the  solutions,  moisture  was  excluded  as  far  as 
possible  by  the  use  of  tubes  filled  with  phosphorus  pentoxide. 
All  the  measurements  of  electromotive  force  were  made  by  the 
compensation  method,  with  a  D'Arsonval  galvanometer  as  zero 
instrument.  The  vessel  used  to  contain  the  cells  was  of  the 
form  on  the  opposite  page. 

The  siphon  tubes  from  each  half  cell  were  fused  into  a  con- 
necting vessel  instead  of  being  immersed  in  it,  as  this  facilita- 
ted the  exclusion  of  moisture  and  made  the  cell  more  compact 
and  easier  to  handle  in  the  thermostat.  The  top  of  each  tube 
was  closed  by  means  of  a  tightly-fitting  rubber  stopper,  through 
which  passed  a  drying  tube  filled  with  phosphorus  pentoxide. 
The  electrodes  were  of  silver  foil  and  were  coated  with  elec- 
trolytic silver  before  use.  The  glass  tubes  carrying  the  elec- 
trodes were  pushed  through  the  rubber  stoppers  of  the  tubes 
designated  A  and  B  in  the  figure. 
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For  the  measurements  at  25°  the  cell  was  placed  in  an  Ost- 
wald  thermostat,  for  those  at  0°  it  was  packed  in  finely  crushed 
ice.     Solutions  of  silver  nitrate,  in  methyl   alcohol,  of  four 


/^Z\ 


\] 


different  concentrations  were  made  up.  The  first  solution  T^ms 
prepared  by  direct  weighing,  the  others  by  diluting  portions  of 
the  original  solution.  The  following  table  gives  the  concen- 
tration, in  liters  per  gram-molecule  {v)  and  the  molecular  con- 
ductivity fi,  at  both  25°  and  0°.  The  values  of  the  conductivi- 
ties are  taken  from  the  recent  work  of  Jones  and  Bassett  :^ 


V. 

10 

40 

160 

640 


25.96 
3971 
51-09 
61.42 


H-v  25". 

35-77 
53-42 
70.36 
88.24 


Concentration  cells  were  then  prepared  with  these  various 
solutions  and  their  electromotive  force  measured.  In  the  fol- 
lowing tables  v'-v"  represent  the  concentrations  of  the  two 
solutions  used  in  the  cell,  b  the  observed  electromotive  force, 
and  c  the  value  of  the  electromotive  force  calculated  from  the 
formula  of  Nernst : 

1  This  Journal,  3a,  420. 
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At  23°. 

v'-v".  b.  c. 

10-40  0.021  0.029 

160  0.044  0.062 

640  0.086  0.098 

40-160  0.031  0.033 

640  0.065  0.068 

160-640  0.035  0.034 

Ato°. 

v'-v".  b.  c. 

10-40  0.018  0.026 

160  0.034  0.057 

640  0.067  0.090 

40-160  0.028  0.032 

640  0.061  0.064 

160-640  0.031  0.033 

In  calculating  the  above  results  allowance  was  made  for  in- 
complete dissociation  by  introducing  the  ratio  of  the  ionic  con- 
centration into  the  formula  in  place  of  the  molecular  concen- 
trations.    The  value  of  the  ionic  concentration  was  obtained 

from  the  expression  - —  X  w,  where represents  the   de- 

/ioo  /xoo 

gree  of  dissociation  and  m  the  molecular  concentration. 

Solutions  of  silver  nitrate  in  ethyl  alcohol  were  then  pre- 
pared of  the  following  concentrations  : 

-v.  flv  0°.  /ij,  25°. 

38.86  11.35  16.96 

15547  15-13  23.87 

621.89  19-43  30.62 

These  values  are  also  taken  from  the  results  of  Jones  and 
Bassett.^  Cells  were  made  up  and  measured  as  previously  de- 
scribed : 

At  25°. 

Cell.                                                b.  c. 

38.86-621.89  0.067  0.067 

—  155.47  0.029  0.032 

155-47-621.89  0.038  0.035 
1  Loc.  cit. 
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Ato°. 

Cell. 

b. 

38.86-621.89 

0.055 

—155-47 

0.027 

155-47-621.89 

0.035 

0.062 

0.032 
0.031 

A  close  comparison  between  the  observed  and  calculated 
values  will  show  that  the  agreement  is  quite  good  in  most 
cases.  With  the  exception  of  the  cells  containing  N/io  AgNOj 
in  methyl  alcohol  the  difference  between  the  observed  and  cal- 
culated values  is  less  than  0.05  volt,  except  in  the  first  ethyl 
alcohol  cell  measured  at  0°,  where  there  is  a  difiference  of  0.07 
volt.  With  these  exceptions  the  agreement  of  values  is  fully 
as  good  as  is  commonly  obtained  with  aqueous  solutions. 

Before  attempting  to  account  for  the  poor  agreement  in  N/io 
methyl  alcohol  cells  it  would  be  advisable  to  confirm  these 
values  by  additional  measurements,  although  it  is  hardly  pos- 
sible that  the  difiference  is  due  to  experimental  errors,  as  all  the 
measurements  were  made  in  duplicate. 

It  should  be  stated  here  that  the  Nernst  formula  can  hardly 
be  regarded  as  giving  more  than  approximate  values.  The 
formula  presupposes  the  absence  of  any  molecular  aggregation 
of  dissolved  molecules,  or  any  combination  between  solvent  and 
solute.  These  phenomena  are  of  common  occurrence  in  both 
aqueous  and  non-aqueous  solutions.  Also,  when  we  consider 
the  uncertainty  of  the  value  of /xoo  for  both  alcohols,  the  above 
agreement  must  be  considered  satisfactory. 

In  the  calculation  values  given  above,  98  was  taken  as  the 
value  of  /AGO  for  silver  nitrate  in  methyl  alcohol,  while  35.5 
was  used  as  the  most  probable  value  of  /xoo  iu  the  ethyl  alco- 
hol solutions.^ 

From  the  results  obtained  in  this  work  I  am  led  to  believe 
that  the  Nernst  formula  will  be  found  to  hold  as  well  in  non- 
aqueous as  in  aqueous  solutions,  but  more  extensive  measure- 
ments of  non-aqueous  concentration  cells  are  necessary  before 
this  can  be  assured.  In  the  near  future  I  hope  to  publish 
some  measurements  of  concentration  cells  with  pyridine  as 
the  solvent. 

1  Jones  :  Z.  physik.  Chem.,  14,  354. 
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In  conclusion,  I  desire  to  express  my  thanks  to  Dr.  C.  J. 
Thatcher  for  valuable  suggestions  and  criticism  during  the 
course  of  this  work. 

Easton,  Pa., 
July  20,  1905. 


A    PERIODIC   RKI.ATION    BETWEEN    THE   ATOMIC 
WEIGHTS  AND  THE  INDEX  OF  REFRAC- 
TION. 

By  F.  L.  Bishop. 

The  absolute  establishment  of  a  periodic  relation  between  the 
atomic  weights  and  the  index  of  refraction  would  require  the 
accurate  determination  of  the  index  of  refraction  for  a  number 
of  elements  which  have  never  been  investigated.  However, 
Professor  Paul  Drude'  has  made  a  study  of  the  index  of  refrac- 
tion of  many  of  the  opaque  elements,  while  for  the  transparent 
bodies  there  are,  in  most  instances,  numerous  determinations. 
In  the  case  of  gases  the  refractivity  has  been  accurately  deter- 
mined by  the  method  suggested  by  I^ord  Rayleigh." 

The  data  at  present  available  for  illustrating  this  periodic 
relation  are  given  in  the  following  table,  where  the  elements 
are  arranged  in  the  order  of  increasing  atomic  weights  : 


:ment. 

Atomic  weight. 

Index. 

H 

1.008 

0.473 

He 

4.00 

0.124 

C  (diamond) 

12.00 

2.46 

N 

14.04 

1.02 

0 

16.00 

0.924 

F 

19.00 

1.434 

Ne 

20.00 

0.235 

Na 

2305 

0.005 

Mg 

24.36 

0.373 

Al 

27.1 

1.44 

P 

31-0 

2.14 

S 

32.0 

2.24 

CI 

35.45 

2.62 

A 

39-9 

0.968 

Fe 

55-9 

2.36 

1  Wied.  Ann.,  39,  513  (1890). 

2  P.  Roy.  Soc,  59,  206  (1895). 
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Element.  Atomic  weight.  Index. 

Ni  58.7  1.79 

Co  59.0  2.12 

Cu  63.6  0.641 

Zn  65.4  2.12 

Se  79.2  2.98 

Br  79.96  1.65 

Kr  81.8  1.45 

Pd  107.0  1.54  red 

Ag  107.93  0.181 

Cd  112. 4  1. 13 

Sn  119. o  1.48 

Sb  120.2  3.04 

X  128.0  2.36 

Pt  194.8  2.06 

Au  197.2  0.366 

Hg  200.0  1.73 

Tl  204.1  1.75 

Pb  206.9  2.01 

Bi  208.5  I  90 

The  index  is  that  of  sodium  light  at  20°,  and  the  gases  are 
under  standard  pressure. 

The  values  obtained  by  Drude  are  used,  even  when  later  de- 
terminations are  available,  in  order  that  the  same  instrumental 
errors  may  be  present. 

The  maxima  and  minima  are  best  studied  from  the  curves 
{vide  p.  85). 

It  is  seen  that  the  minima  of  the  well  defined  groups  are  Na, 
Cu,  Ag,  Au,  which  are  metals  in  the  first  group  of  MendeleeflPs 
periodic  table.  The  periodicity  is,  perhaps,  best  shown  in  the 
series  from  C  to  CI,  as  we  have  in  this  series  the  index  for  all 
the  elements. 

It  is  evident  from  the  methods  of  measurement  of  the  index 
for  opaque  substances  that  there  is  opportunity  for  more  or  less 
error,  it  is  not  the  purpose  of  this  preliminary  note,  however, 
to  discuss  methods,  but  to  note  the  apparent  periodic  relation 
between  the  atomic  weights  and  the  index  of  refraction  of  the 
elements. 

Physical  Laboratory, 
Bradley  Polytechnic  Institute. 


NOTE. 

The  Preparation  of  Benzonitrile. 

In  the  course  of  some  work  which  was  being  carried  out  in 
this  laboratory  in  1904,  it  was  necessary  to  provide  rather 
large  quantities  of  benzonitrile;  at  my  suggestion,  therefore, 
Messrs.  E.  J.  Hoffman,  and  W.  A.  Syme  studied  some  of  the 
various  methods  which  have  been  proposed  for  the  preparation  of 
this  compound.  Their  results,  which  may  be  of  use  to  others, 
are  recorded  in  the  following  table  ;  they  have  been  checked,  in 
most  cases,  by  other  students.  The  figures  given  for  the 
cost  are  believed  to  be  accurate  relatively,  the  absolute  cost  is, 
necessarily,  variable.  In  reckoning  the  time  no  account  was 
taken  of  the  washing  and  distillation  of  the  crude  product,  as 
this  was  practically  the  same  in  all  cases ;  the  time  required  to 
dry  an  ethereal  solution,  when  this  was  needful,  has  also 
been  disregarded,  because  it  did  not  occupy  the  worker.  The 
yield  refers  to  material  which  has  been  distilled. 

Method  I. — Sandemeyer's  reaction:^  Aniline  35  grams,  copper 
sulphate  crystals  100  grams,  potassium  cyanide  no  grams,* 
sodium  nitrite  25  grams  and  hydrochloric  acid  50  grams  were 
employed. 

Method  II. — From  benzamide  15  grams  and  phosphoric  anhy- 
dride 25  grams.^ 

Method  III. — From  benzoic  acid  100  grams  and  lead  thio- 
cyanate  240  grams. ^ 

Method  IV. — From  sodium  benzenesulphonate  100  grams  and 
potassium  cyanide  100  grams.* 

Method  V. — From  benzamide  23  grams  and  quicklime  in  ex- 
cess.^ 

Method  VI. — From  benzoic  acid  50  grams  and  potassium 
thiocyanate  20  grams.® 

As  was  to  be  expected  Mr.  Syme  did  not  obtain  a  large  yield 
of  benzonitrile  by  the  use  of  iodobenzene  and  silver  cyanide,' 
nor  was  he  able  to  get  satisfactory  results  by  the  distillation  of 
aniline  oxalate. *  He  prepared  benzamide  very  easily  and 
quickly  from  benzoic  acid  and  ammonium  thiocyanate.® 

1  Ber.  d.  chem.  Ges.,  17,  2653. 

2  Hofmann  and  Buckton  :  Ann.  Chem.  Pharm.,  100,  155. 

*  Kriiss :  Ber.  d.  chem.  Ges.,  17,  1766. 
<  Merz  :  Ibid.,  3,  710. 

^  Anschiitz  and  Schulz  :  Ann.  Chem.  Pharm.,  196,  48. 

*  Letts  :  Ber.  d.  chem.  Ges.,  5,  673. 
'  Merz  and  Weith  :  Ibid.,  10,  746. 

8  A.  W.  Hofmann  :  Compt.  rend.,  64,  388. 

*  Kekul6 :  Ber.  d.  chem.  Ges.,  6,  113. 
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Yield. 

Per  cent  of 

Cost  of  100 

Method 

Grams. 

the  theoretical. 

Time. 

grams. 

I 

25 

64 

About  4  hours 

$0.72 

II 

12 

95 

"      I      " 

$1.00 

III 

60 

71 

"10      " 

$0.55 

IV 

15 

26 

"      I      " 

$5.86 

V 

8.2 

42 

I      " 

$1.70 

VI 

12.2 

58 

3      " 

J. 

$1.15 
Bishop  Tingle 

fOHNS  HOPKINS  UNIVERSITY, 

January,  1905. 

REPORTS. 

The  Rusting  of  Iron. 

In  presenting  the  subject  of  chemistry  to  a  class  just  begin- 
ning the  study  of  that  science,  the  rusting  of  iron  is  often  given 
as  an  example  of  a  familiar  chemical  action.  The  commonly 
accepted  explanation  of  this  change  is  that  given  by  Grace 
Calvert  and  Crum  Brown.  According  to  these  authors  it 
is  due  to  the  combined  action  of  the  oxygen  and  carbon 
dioxide  of  the  air  in  the  presence  of  liquid  water  and  should 
be  represented  by  the  following  equations  : 

4Fe  +  4H,0  +  4CO,  =  4FeC03  +  4H, ; 
4FeC03  +  6H,0  +  O,  =  2Fe,(0H)e  +  4CO,. 

In  a  recent  paper*  Dunstan,  Jowett  and  Goulding  show  that 
the  action  does  not  require  the  presence  of  carbon  dioxide  and 
that  the  inhibiting  action  of  alkalies  is  not  due  to  their  power 
of  absorbing  this  substance.  The  results  show  that,  although 
hydrogen  peroxide  cannot  actually  be  detected  during  the 
rusting  of  iron,  it  is  probably  formed  as  an  intermediate  prod- 
uct of  the  change.  The  results  of  these  experiments  support 
Traube's  view  of  the  nature  of  such  oxidation  processes,  viz., 
that  the  water  is  decomposed  by  the  iron,  the  liberated  hydro- 
gen forming  hydrogen  peroxide  with  the  dissolved  molecular 
oxygen,  involving  the  assumption  that  hydrogen  peroxide  is 
not  "  oxidized  water ;"  but  "  reduced  or  hydrogenized  oxygen." 
According  to  the  authors  the  reactions  involved  should  be  rep- 
resented by  the  equations : 

Fe  +  O,  +  H,0  =  FeO  +  H,0,  ; 
2FeO  +  H,0,  =  Fe^Oj.H^O. 

1  J.  Chem.  Soc,  88,  1548  (1905). 
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The  excess  of  hydrogen  peroxide  immediately  reacting  with 
the  iron  to  form  a  further  quantity  of  rust  thus : 

Fe  +  H,0,  ==  FeO  +  H,0  ; 

2FeO  +  H,0,  =  Fe,03.H,0. 

It  is  shown,  in  support  of  this  theory,  that  many  substances 
which  decompose  hydrogen  peroxide  and  therefore  interfere 
with  its  existence,  likewise  prevent  the  rusting  of  iron,  while 
bodies  which  are  incapable  of  decomposing  hydrogen  peroxide 
do  not  prevent  the  rusting.  In  the  atmospheric  oxidation  of 
lead  and  zinc  the  formation  of  hydrogen  peroxide  has  been 
actually  detected,  and  the  substances  which  prevent  the  action 
in  the  case  of  iron  act  in  a  similar  manner  with  lead  and  zinc. 
Parallel  series  of  experiments,  when  the  duration  of  the  experi- 
ments was  as  much  as  3  months,  show  that  iron  does  not  rust 
when  left  in  contact  with  dry  gases,  nor  does  it  rust  when  in 
contact  with  moist  oxygen  or  a  mixture  of  moist  oxygen  and 
carbon  dioxide  so  long  as  the  temperature  is  kept  constant, 
whereby  the  deposition  of  liquid  water  on  the  metal  is  pre- 
vented. With  a  fluctuating  temperature  it  rusts  in  moist 
oxygen,  and  in  a  mixture  of  moist  oxygen  and  carbon  dioxide: 
but  not  in  carbon  dioxide  alone  nor  in  a  mixture  of  moist  oxy- 
gen and  ammonia.  Whitney  supposed  the  rusting  to  be  due 
to  a  slight  dissociation  of  the  water  into  H  and  OH  ions  and  to 
a  solution  of  minute  quantities  of  iron,  owing  to  the  formation 
of  an  electric  circuit,  to  form  ferrous  hydroxide  which  would 
absorb  oxygen  from  the  air.  If  this  explanation  is  correct  the 
hydrogen  should  escape  as  a  gas  and  substances  such  as  alka- 
lies, by  hindering  the  accumulation  of  H  ions,  should  interfere 
with  rusting  or  entirely  prevent  it,  while  acids  and  some  salts 
should  accelerate  it,  as  they  increase  the  accumulation  of  H 
ions.  The  authors,  however,  could  obtain  no  evidence  of  the 
formation  of  hydrogen  and  proved  that  substances  such  as 
chromic  acid  prevent  the  rusting;  they  also  showed  that  if  part 
of  the  water  which  had  been  in  contact  with  iron  for  3  weeks, 
without  any  visible  change  having  taken  place,  was  quickly 
poured  off  when  the  vessel  was  opened,  and  was  then  allowed 
to  stand  in  the  air,  no  precipitation  of  iron  salts  took  place 
nor  could  any  trace  of  iron  be  detected  in  the  solution,  while 
the  iron  which  was  left  in  the  water  quickly  rusted  when  air 
was  allowed  to  come  in  contact  with  the  water  covering  the 
iron. 

A  study  of  the  action  of  carbon  dioxide  under  different 
conditions,  including  a  repetition  of  Grace  Calvert's  work, 
showed  that  the  small  amount  of  carbon  dioxide  in  the  air  could 
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play  only  a  very  subordinate  part  in  the  ordinary  rusting  of 
iron,  especially  as  it  has  been  proved  that  rusting  proceeds  rapidly 
in  the  total  absence  of  carbon  dioxide. 

The  authors  demonstrated  that  the  process  of  "rusting"  is 
different  from  other  processes  in  which  iron  undergoes  oxidation 
with  the  formation  of  ferric  hydroxide,  and  conclude,  there- 
fore, that  iron,  oxygen  and  liquid  water  are  alone  necessary 
for  the  rusting  of  iron.  j.  e.  G. 

Grignard's  Reaction. 

Since  the  publication  of  the  previous  report,^  papers 
dealing  directly  or  indirectly  with  this  subject  have  appeared 
in  scarcely  lessened  numbers;  only  the  more  important  of 
them  will  be  referred  to  in  the  present  communication.  W. 
H.  Perkin,  Jr.,^  has  synthesized  terpin, 

yCH^.CHjK 

CH3C(0H)<  >CHC(CH3),0H, 


'\ 


terpineol, 


CH^.CH/ 


CH3C^  >CHC(CH3),0H, 


CH,.CH, 


/' 


and  dipentene  (limonene), 

CH^C^  >CHC(CH3)  :  CH„ 

\CH,.CH,/ 

by  the  following  steps:  Ethyl  /3-iodopropionate  and  ethyl 
sodiocyanoacetate  yield  ethyl  y-cyanopentane-a:,y,e-tricar- 
boxylate,  C2H50COC(CN)(CH2CH2COOC2H5)2;  concentrated 
hydrochloric  acid  converts  this  into  pentane-Q:,y,€-tri- 
carboxyHc  acid,  HOCOCH(CH2CH2COOH)2,  which,  when 
digested  with  acetic  anhydride  and  distilled,  passes  into 
8-ketohexahydrobenzoic  acid. 


CO/  >CHCOOH. 


The  ester  of  this  acid  is  treated  with  methylmagnesium  iodide 
and  the  product  hydrolyzed,  when  there  is  obtained  S-hy- 
droxyhexahydroparatoluic  acid, 


This  Journal,  33,  304  {1905). 
'■  J.  Chem.  Soc,  85,  654  (1904). 
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/CH2.CH2V 

ch3c(0h)<  >chcooh. 

Vh^.ch/ 

Fuming  hydrobromic  acid  converts  this  into  the  corresponding 
bromo  acid  which,  under  the  influence  of  pyridine,  passes  into 
A^-tetrahydroparatoluic  acid, 


CH3CBr<^  >CHCOOH 


\ 


CH2.CH. 


CHjCjf  >CHCOOH. 


CH,.CH, 


From   the  ester  of  the   unsaturated  acid   methylmagnesium 
iodide  yields  terpineol, 


CH3Cr  XHCOOC2H,     -- 

/.CH— CH2\ 
CH^C^  >CHC(CH,)20H. 

Terpineol  is  readily  converted  into  dipentene  and  terpin 
hydrate  by  the  action  of  potassium  hydrogen  sulphate  and 
dilute  sulphuric  acid,  respectively.  Apart  from  its  other 
interest,  this  synthesis  may  be  regarded  as  settling,  beyond 
dispute,  the  question  of  the  constitution  of  the  three  hydro- 
carbons concerned.  In  subsequent  papers,^  Perkin  and  his 
co-workers  describe  syntheses  of  other,  hitherto  unknown, 
terpenes,  by  the  same  series  of  reactions  using  A^-tetrahydro- 
paratoluic  acid,  and  also  the  preparation,  from  ethyl  allyl- 
acetate,  of  the  open  chain  compounds,  ethyl  ethylallylacetate, 

yyCB. — CH2\ 

CH^^  >CHCOOC,H„ 

CH3.CH2/ 

dimethylethylisobutenylcarbinol, 

CHj^  >CHC(CH,)20H, 

CH3.CH2/ 

and  ethylallylisopropenylmethane,  ,       , 

1  J.  Chem.  Soc,  87,  639,  655  (1905). 
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X.CH — CHjv 
CHj*^  >CHC(CH3)  :CH2, 

CH3.CH2/ 

the  object  being  to  compare  their  properties  with  those  of 
terpineol, 

x,CH — CHjv 
CH3C^  >CHC(CH3)20H, 

and  dipentene, 

x^CH — CHgv 
CH3C^  >CHC(CH3)  :  CH^, 


respectively.  The  conclusion  is  drawn  that,  although  the 
open  chain  compounds  show  certain  similarities  in  behavior 
to  the  terpenes  and  their  derivatives,  yet  the  closed  chain 
structure  has  a  distinct  influence  on  the  properties  of  the 
terpenes. 

In  his  next  paper^  a  description  is  given  of  the  synthesis  of  a 
number  of  terpenes  such  as  As'sVg) — normenthadiene, 


< 


CH2 — CH^ 

')CC(CH3)  :  CH2 
CH2.CH2- 


which  do  not  contain  the  paramethyl  group  that  is  so  charac- 
teristic of  the  natural  terpenes.  The  starting  point  in  the 
synthesis  was  hexahydrobenzoic  acid, 

/CH2.CH2\ 
CH2<;  >CHCOOH. 

It  is  well  known  that  the  natural  terpenes  and  allied  com- 
pounds are  almost  exclusively  derivatives  of  paracymene,  or 
are  easily  converted  into  such  derivatives.  In  the  last  two 
papers^  of  the  series  under  consideration,  the  synthesis  of 
terpenes  derived  from  orthocymene  and  from  metacymene  is 
described.  In  general  properties  these  resemble  the  para 
compoimds.  The  starting  points  for  the  preparations  were 
<m«.y-hexahydroorthotoluic  acid, 

»  J.  Chem.  Soc,  87,  661  (1905). 
i/bid.,  87,  1066,  1083  (1905). 
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CHCH3 

CH2      CHCOOH 

I  I 

CHj      CHj 


CH2 
and  hexahydrometatoluic  acid, 


/CH2.CH(COOHK 
CH3CH/  >CH2, 

\CH2.CH2 / 

respectively,  the  methods  and  reactions  being  similar  to  those 
described  in  the  earlier  portion  of  this  report  (p.  90). 

In  a  series  of  interesting  papers^  on  the  reaction  of  alkyl 
magnesium  halides  with  various  unsaturated  compounds. 
Kohler  and  his  fellow  workers  have  discovered  the  following 
regularities:  (i)  The  magnesium  derivative  invariably  adds 
itself  to  the  carbonyl  group  of  unsaturated  aldehydes, 

/OMgX 
C  :  CCH  :  O  +  RMgX      -     C  :  CCH<  ; 

\R 

this  gives,  ultimately,  the  carbinol  C:CCHROH.  (2)  Un- 
saturated ketones  containing  the  group  CH3CO  react  like 
aldehydes, 

/OMgX 
C  :  CCCCH.)  :  O  +  RMgX     -*     C  .  CCCCH,)/  -* 

\R 
C  :  CC(CH,)ROH. 

(3)  Unsaturated  ketones  containing  the  group  CgHgCO  add 
the  magnesium  reagent  in  the  positions  1,4, 

C  :  CC(CeH,)  :  O  +  RMgX  —  CRC  :  C(CeH5)0MgX  — 
CRC  :  C(CeH5)0H. 

(4)  The  esters  of  unsaturated  acids  react  both  by  1,4  addition 
and  by  the  replacement  of  alkyloxyl  by  alkyl: 

(i)  C  :  C(OR)  :  O  +  R'MgX    — -    R'CC  :  C(OR)OMgX    — * 
R'CC  :  C(OR)OH  ; 

(ii)  C  :  CC(OR)  :  O  +  R'MgX  — *   C  :  CC(R')  :  O  +  BrMgOR. 

»  This  Journal,  31,  643 ;  33,  21,  35,  153,  333  ;  34,  132,  570. 
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The  first  equation  represents  the  principal  reaction  of 
aromatic  magnesium  compounds  with  such  esters,  the  second 
that  of  aHphatic  magnesium  compounds,  but  the  result  is 
also  somewhat  dependent  on  the  nature  of  the  atoms  or  groups 
in  the  a-position  to  the  carbonyl,  negative  groups  increase 
,,  the  extent  of  the  additive  action. 

\a    The    application    of    the    Grignard    reaction    has    received 
^further  extensions  by  three  noteworthy  improvements  in  its 
^technique.     The  earlier  users  of  the  Grignard  reagent  regarded 
C-^  the  ether  which  was  employed  in  its   preparation  as  being 
V. merely  an  indifferent  solvent,  but  it  was  speedily  recognized, 
by  Grignard  himself^  and  also  by  Blaise,^  that  the  reaction 
>y*'-  between  magnesium  and  the  alkyl  haloid  would  not  take  place 
■^  in  the  absence  of  ether;  the  latter  was,  therefore,  assumed  to 
'^.^'   be  present  in  the  resulting  compound  as  "ether  of  crystalliza- 
^    tion."     W^ .  Tschelhizeff ^  has  carried  out  a  series  of  experi- 
^!A    ments   which   show   that,    although   alkyl  haloids   and   mag- 
JS^     nesium  do  not  react  in  the  absence  of  ether  at  the  tempera- 
\      tures  usually  employed,  they  will  do  so  at  higher  ones,  for  instance 
in  vigorously  boiling  benzene,  or  better,  in  toluene  solution. 
The  ether,  therefore,  acts  simply  as  a  typical  catalytic  agent 
and  an  extremely  small  amount  of  it  is  sufficient  to  bring  about 
the  formation  of  the  Grignard  reagent  at  the  ordinary  tem- 
perature.    It  thus  becomes  possible  to  prepare  the  reagent 
and  carry  out  the  subsequent  reaction  in  a  solvent  other  than 
ether,  whereby  the  upward  limit  of  temperature  which  may  be 
employed  is  raised.     The  same  author  had  shown,  in  a  previous 
paper,  ^  that  a  tertiary  base,   such  as  dimethylanihne,   could 
take  the  place  of  the  ether  in  the  Grignard  synthesis  and  that, 
in  some  cases,  such  a  substitution  was  of  practical  advantage. 
In  a  later  paper^  he  records  the  results  of  his  determination 
of  the  "heats  of  formation"  of  a  number  of  Grignard  reagents 
from  ether  and  various  organomagnesium  halides.     The  ex- 
periments  were   carried   out   by   mixing   magnesium   powder 
with   excess   of  the  alkyl  haloid,   adding  a   neutral   solvent, 
usually  benzene,  and  then  a  few  drops  of  dimethylaniline  to 
act  as  a  catalyst;  when  the  reaction  was  completed  a  known 
excess  of  ether  was  poured  in  and  the  resulting  evolution  of 
heat  was  measured.     These  experiments,  as  well  as  his  previous 
work,  lead  the  author  to  the  conclusion  that  Grignard's  reagent 
is  an  oxonium  compound,  as  suggested  by  Baeyer  and  Villiger,' 

1  Dissertation,  University  of  I,yons,  1901. 

2  Compt.  rend.,  132,  839. 

3  Ber.  d.  cljcm.  Ges.,  38,  4534  (1904)-  < 

«/*,V/..  35. 1201(1902).     y  /j^^    (^'^\ 
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and  that  its  formation  is  represented  by  the  following  equations : 
Mg  +  RX    — -     MgRX  ; 

C^H^K       /MgR 

MgRX  +  (C2H,)20  ^         yo 


C,H/     \x 

The  reaction  is,  of  course,  similar  if  a  tertiary  base  such  as 
dimethylaniline,  is  employed  instead  of  ether, 

X 

I       CIT 
MgRX  +  C,H,N(CH,)2    ^     CeH-N^       \ 

I   \CH3 
MgR 

In  the  course  of  their  investigations  of  triphenylcarbinol 
derivatives,  Baeyer  and  Villiger^  were  unable  to  obtain  mag- 
nesium derivatives  of  brom-  or  iodoaniline  or  of  the  corre- 
sponding dimethylanilines.  Sachs  and  Ehrlich,^  who  had 
encountered  the  same  difficulty,  overcame  it,  to  some  extent,  by 
treating  the  magnesium  with  ethyl  bromide  then,  as  soon  as 
the  reaction  was  well  started,  the  greater  portion  of  the  liquid 
was  poured  away  and  parabromdimethylaniline  was  added; 
under  these  circumstances  a  small  portion  of  dimethylaniline- 
magnesium  bromide  was  formed  which  proved  to  be  sufficient 
for  their  qualitative  purposes,  though  it  was,  of  course,  con- 
taminated with  other  substances  and  was  unsuited  for  the 
preparation  of  pure  derivatives.  Baeyer  continued  his  work 
on  the  subject  and  has  recently  described  an  extremely  simple 
and  beautiful  method  for  the  preparation  of  a  highly  reactive 
form  of  magnesium.^  Magnesium  filings  are  heated  in  a 
flask  and  half  their  weight  of  iodine  added  gradually.  The 
product  forms  a  dull  gray  powder,  which  acts  with  great 
energy  on  water  and  on  methyl  alcohol,  hydrogen  being  evolved 
and  magnesium  hydroxide  and  methoxide,  supposedly,  being 
formed.  The  action  of  ethyl  alcohol  is  feebler  and  amyl 
alcohol  has  no  effect  on  the  magnesium  compound.  The 
nature  of  this  magnesium  haHde  is  not  stated,  but  it  is,  pre- 
sumably, a  subiodide,  possibly  similar  in  composition  to 
Cd^I,.*  At  all  events  it  differs  markedly  in  properties  from  the 
normal  anhydrous  magnesium  iodide. 

The    magnesium    subiodide    is    without    action     on     chlor- 

!  Ber.  d.  chem.  Ges.,  36,  2775  (1903). 

^  Ibid.,  36,4296  (1903). 

8/*irf.,  38,  2759  (1905). 

■*  Morse  and  Jones  :  This  Journal,  12,  491  (1890). 
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benzene,  but  it  acts  energetically  on  brombenzene  and  on 
all  the  iodoanilines  and  dimethylanilines,  most  readily 
with  the  ortho  derivatives,  least  so  with  the  para  com- 
pounds. The  use  of  this  reagent  has  already  permitted  the 
preparation  of  all  the  possible  aminotriphenylcarbinols  and 
there  can  be  no  doubt  that  its  employment  will  prove  to  be 
extremely  useful  in  other  directions.  Although,  in  the  pre- 
ceding pages,  reference  has  been  made  to  some  only  of  the 
more  interesting  points  which  have  been  developed  recently 
in  connection  with  Grignard's  reaction,  sufficient  evidence  has, 
perhaps,  been  offered,  to  demonstrate  that  this  most  fruitful 
and  admirable  synthetical  method  still  maintains  its  popularity 
and  that  the  results  obtained  by  its  use  show  no  diminution 
in  their  interest  and  value.  j.  bishop  tingle. 

^= 
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Nr  OuTi^iNES  OF  Industrial  Chemistry.  By  Frank  Hall  Thorp,  Ph.D., 
W  Associate  Professor  of  Industrial  Chemistry  in  the  Massachusetts  Insti- 
^       tute  of  Technology.     New  York  :  Macmillan  Co.     1905.     Price,  I3. 50. 

^        Reviews  by  Professor  Mallet^  of  the  previous  editions  of  this 
^    work  have  been  published  in  this  Journai,.^  It  is  only  necessary 
y     to  say  that  the  present  edition  is  enlarged,  improved  and  thor- 
oughly revised,  and  that  the  author  has  added  an  outline  of 
elementary  metallurgy  ;  we  consider  this  edition  of  Professor 
Thorp's  work  a  very  valuable  text-book.  E.  R. 

A  Text-book  of  Chemical  Arithmetic  By  Horace  L.  Wells, 
M.A.,  Professor  of  Analytical  Chemistry  and  Metallurgy  in  the  Shef- 
field Scientific  School  of  Yale  University.     First  Edition.     First  Thou- 

Cv     sand.     New   York  :    John  Wiley  and  Sons.     1905.     lamo.     vii  + 169 

fv^      pages.     Price,  I1.25. 

V       This  is  an  excellent  book  for  students  of  quantitative  analy- 
fj!'  sis,  for  whom  it  is  intended,  but  it  will  also  be  found  very  useful 
^^  for  beginners.     The  use  of  the  methods  of  abbreviated  multi- 
>^   plication  and  division  will  save  much  time  and  many  errors. 
^  B.  R. 

•■^ 

""^    Les  Nouveautes  C^miques  pqur  1905.     Nouveaux  appareils^E 

><       LABOR atoires,  methodes  no^lles  de  recherches  appliqj^ees 

\ji       a  LA  SCIENCE  EtI  l' INDUSTRIE.     Avec  i8o  figures.     By  CamillE 

Poulenc,  Docteur  des  Sciences.     Paris  :  J.  B.   Balliere  et  Fils.     1905. 

In  this,  as  in  the  preceding  volumes  of  the  series,  M.  Pou- 
lenc gives  an  illustrated  list  of  all  new  apparatus  and 
new  methods. 

1  This  Journal,  at,  181  ;  23,  268. 
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Much  of  the  apparatus  of  course  is  trivial  or  of  doubtful 
utility,  but  many  useful  improvements  are  described.  Some 
of  the  methods  given  in  detail  are  of  absorbing  interest,  such 
as  the  methods  and  apparatus  of  M.  and  Mme.  Curie  for  the 
study  of  radioactive  substances;  M.  Verneuil's  apparatus  for 
the  manufacture  of  artificial  ruby  ;  Moissan  and  Rigaut's  appa- 
ratus for  preparing  pure  argon;  and  Wachsmuth's  apparatus  for 
determining  acoustically  the  density  of  gases  and  vapors. 

Die  Neuere*  Entwickelung  der  Kristali,ographie.     Von  Dr.  H. 

BAimHAUER.     Braunschweig  :  Fr.  Viewieg  u  Sohn.     1905.     pp.184. 

Price,  M.  4. 

The  seventh  of  the  Natural  History  monographs  issued  by 
Vieweg  und  Sohn  is  an  excellent  example  of  the  "digestive" 
works  which  this  series  aims  to  supply.  The  present  vol- 
ume, though  not  exhaustive,  is  complete  and  well  balanced. 
It  is  also  up-to-date  in  its  discussions  of  various  problems  pre- 
sented by  crystallography.  It  gives  a  clear,  succinct  account 
of  the  fundamentals  of  the  science,  among  which  it  empha- 
sizes the  Law  of  Zones  and  the  Rationality  of  the  Indices.  The 
treatment  of  geometrical  crystallography  is  good,  giving  in  an 
orderly  but  individual  way  the  characteristics  of  the  symmetry 
properties  and  crystal  classes  now  recognized  by  all  crystallog- 
raphers.  The  means  employed  for  determining  the  symmetry 
of  crystalline  bodies  are  well  described,  and  the  newer  work  on 
the  formation  of  twins  and  crystal  growth  is  well  summarized. 

Towards  the  end  of  the  book  the  author  devotes  twenty  or 
more  pages  to  the  less  established  conclusions  of  chemical 
crystallography.  Here  the  treatment  changes  from  the  broader 
conclusions  generally  accepted  to  the  conclusions  of  individual 
workers  and  the  more  specific  cases.  There  is  an  evident  at- 
tempt to  maintain  the  same  attitude  throughout,  but  the  un- 
certainty in  this  newer  field  of  investigation  is  clearly  manifest. 
The  relations  existing  between  chemical  constitution  and 
crystal  structure  are  hinted  at  by  reference  to  the  fact  that 
compounds  like  Fe^Og,  FeClg,  or  Q.'sSl\.(iYi<d,  show  trigonal  or 
hexagonal  symmetry  while  ZrSiO^,  BeSO<.4H20  and  others 
are  tetragonal.  It  is,  however,  manifestly  too  early  to  draw 
serious  conclusions  on  these  problems. 

The  book  is  unusually  good  in  its  place.  It  is  not  a  text- 
book for  the  beginner,  nor  a  treatise  for  the  advanced  student, 
but  for  those  who  have  some  knowledge  of  crystallography  and 
wish  to  keep  abreast  of  the  advances  made  in  that  science  it 
can  hardly  be  excelled.  Edward  b.  mathews. 
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A  Treatise  on  Chemistry.  By  Sir  H.  K.  Roscoe,  F.R.S.,  and  C. 
SCHORLEMMER,  F.R.S.  Volume  I.  The  Non-Metallic  Elements. 
New  edition  completely  revised  by  Sir  H.  E.  Roscoe  assisted  by  Drs. 
H.  G.  Coleman  and  A.  Harden,  with  217  illustrations  and  a  portrait  of 
Dalton  engraved  by  C.  H.  Jeens.  lyondon  and  New  York  :  Macmillan 
&  Co.     1905.     pp.  931. 

The  new  edition  of  "  Roscoe  and  Schorlemmer  "  is  of  special 
interest  to  chemists  at  the  present  time,  for  with  the  excep- 
tion of  Dammer's  "Handbuch,"  which  has  a  supplementary- 
volume  reporting  progress  tip  to  1903,  there  is  no  large  manual, 
in  English,  French  or  German  at  least,  which  includes  the 
work  of  the  past  ten  years  in  inorganic  chemistry  ;  there  is  an 
abundance  of  new  small  text-books,  of  which  Erdmann's  is  the 
largest  and  most  thorough,  but  no  book  to  which  the  student 
can  turn  for  reference  excepting  Dammer's  "Handbuch," 
which  is  simply  a  reference-dictionary  and  not  a  treatise  of  chem- 
istry. ITence  the  present  volume  is  especially  welcome,  and  it 
is  to  be  hoped  that  the  one  on  the  metals  will  appear  soon. 

Roscoe' s  manual  has  a  definite  place  among  the  other  large 
text-books.  While  it  is  not  as  exhaustive  in  treatment  as 
Graham-Otto,  it  mentions  every  well-authenticated  inorganic 
compound,  and  gives  the  more  important  references  to  literature. 
All  new  technical  methods  in  use  occupy  sufficient  space,  and 
chemical  theory,  old  and  new,  finds  place  as  well;  but  the 
book  is  distinctly  a  descriptive  rather  than  a  theoretical  treatise. 
Above  all  it  is  not  too  large  to  study  with  profit,  while  it  is 
comprehensive  enough  to  serve  as  a  reference  book  in  most  cases. 

The  new  edition  is  quite  up-to-date,  as  a  few  examples  will 
show.  It  includes  Baeyer  and  Villiger's  work  on  hydrogen  per- 
oxide and  the  persulphuric  acids ;  the  work  of  Bone,  Eewes  and 
Smithellson  flame  and  the  combustion  of  hydrocarbons;  of  Dixon 
on  the  phenomena  of  explosion ;  of  Ramsay,  Travers  and  Soddy 
on  the  rare  gaseous  elements  in  the  air  and  on  helium.  It 
gives  a  full  description,  with  drawings,  of  the  improved  processes 
for  making  coal  gas,  with  due  attention  to  oil  gas,  wood  gas, 
water  gas,  acetylene  and  the  difierent  fuel  gases;  it  describes 
the  various  contact  processes  for  the  manufacture  of  sulphuric 
acid  ;  the  electrolytic  methods  of  making  chlorine  and  hydro- 
chloric acid ;  the  manufacture  of  nitric  acid  from  Chili  saltpeter, 
from  ammonia  by  Ostwald's  process,  from  the  air  by  Bradley 
and  lyovejoy's  process. 

To  praise  further  "Roscoe  and  Schorlemmer"  is  superfluous, 
as  it  has  established  its  place  in  the  esteem  of  chemists.  It  is 
enough  to  say  that  Sir  Henry  Roscoe  and  his  coworkers.  Dr. 
Coleman  and  Dr.  Harden,  have  performed  the  task  of  revision 
with  great  ability.  It  is  scarcely  necessary  to  add  that  the 
publishers  have  printed  and  illustrated  the  book  faultlessly. 

E.  R. 
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THE    ESTIMATION    OF    OPALESCENT    SILVER 
CHLORIDE  PRECIPITATES. 

By  Roger  Clark  Wells. 

In  a  recent  paper  upon  the  nephelometer/  a  perfected  form 
of  this  instrument  was  describfed  and  shown  to  be  well  fitted 
for  comparing  the  scanty  precipitates  usually  called  opa- 
lescences. By  the  use  of  prisms  the  precipitates  in  two  test 
tubes  could  be  viewed  in  one  field  of  vision  and  an  accuracy  of 
about  I  per  cent  was  attained  in  the  comparison  of  nearly 
equal  opalescences.  The  nephelometer  would  appear  to  be  a 
better  arrangement  than  that  described  by  Tswett,*  because  the 
light  strikes  the  tube  sidewise,  and  one  can  view  the  whole 
tube,  instead  of  looking  across  the  tube  through  which  a  pen- 
cil of  light  is  passed.  Some  illustrations  of  the  method  of  es- 
timating chloride  in  an  unknown  solution  were  given  and  some 
general  precautions  mentioned,  but  a  detailed  discussion  of  the 
phenomena  of  opalescent  precipitates  was  reserved  for  a  future 
paper.  During  the  frequent  use  of  the  nephelometer  in  the  re- 
vision of  the  atomic  weight  of  sodium  and  chlorine,^  the  meth- 

»  Richards  and  Wells  :  This  Journal,  31,  235  (1904). 

2  Z.  physik.  Chem.,  36,  450  (igoi). 

*  Richards  and  Wells:  J.  Am.  Chem.  Soc,  37,  484  (1905). 
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ods  of  nephelometry  were  studied  and  improved  until  they 
were  sufficiently  accurate  for  the  special  ends  in  view.  Among 
the  facts  which  remained  to  be  investigated  more  thoroughly, 
however,  was  the  variation  of  opalescence  with  time.  The 
present  paper  contains  an  account  of  experiments  made  upon 
this  subject,  as  well  as  upon  a  great  many  other  points  which 
will  widen  the  range  of  applicability  of  nephelometric  methods. 

Silver  chloride  is  a  very  suitable  salt  for  studying  these  ques- 
tions. Its  solubility  is  small  in  the  ordinary  sense,  yet  large 
as  measured  by  the  nephelometer.  The  presence  of  other 
salts  or  acids  up  to  concentrations  of  about  N/o.oi  does  not 
alter  its  solubility  or  at  most,  only  very  slightly.  In  accord- 
ance with  our  present  theories  of  solution  the  dissolved  silver 
chloride  is,  on  account  of  the  great  dilution,  completely  ionized 
and  there  will  be,  in  general,  a  concentration  of  silver  and  a 
concentration  of  chloride  which  will  be  equal  for  only  one 
special  case.  Moreover,  it  appears  to  fulfil  the  demands  of  the 
concentration  law  (mass  law)  surprisingly  well,  for  a  solution 
of  it  can  be  practically  freed  from  chloride  by  the  addition  of 
sufficient  ionized  silver  and  from  silver  by  the  addition  of  ion- 
ized chlorine. 

The  difficulty,  in  previous  work,  was  the  selection  of  the 
major  variables  and  the  control  of  these  so  that  only  one  might 
be  varied  at  a  time.  This  was  a  hard  problem  as  long  as  two 
tubes  were  compared  with  each  other,  for  one  could  not  decide 
whether  the  observed  relative  variation  was  due  wholly  to  the 
first,  partly  to  the  first  and  second,  or  wholly  to  the  second 
tube.  The  results  of  this  paper  would  not  have  been  attained 
if  a  constant  standard  of  reference  had  not  been  found.  At 
first  suspensions  of  chalk  were  tried, ^  but  they  proved  even 
more  variable  than  the  opalescences.  Ground  glass,  however, 
appeared  to  be  well  adapted  to  the  purpose.  Ordinary  window 
glass  (plate  glass  might  have  been  better)  was  cut  into  pieces 
about  an  inch  square  and  these  were  ground  by  fine  emery  un- 
til a  series  was  obtained  which  ranged  from  opacity  to  trans, 
parency.  Some  were  ground  on  both  sides.  All  were  covered 
by  black  paper  having  a  round  hole  in  the  center  about  i6mm. 

I  Ostwald-I^uther,  "  Physico-chemische  Messungen,"  p.  248. 
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in  diameter.  When  such  a  plate  was  placed  upon  the  top  of 
the  sliding  tube  in  the  nephelometer,  in  a  definite  and  repro- 
ducible position,  it  had  exactly  the  appearance  of  an  opalescent 
precipitate.  The  slight  color  of  the  window  glass  only  height- 
ened the  resemblance.  Nearly  all  the  results  in  this  paper, 
then,  were  obtained  by  comparing  a  single  tube  of  opalescence 
with  a  standard  glass,  and  it  is  evident  that  the  results  so  ob- 
tained are  more  reliable  than  the  observations  published  here- 
tofore. Several  of  the  glasses  were  standardized,  after  the 
needful  precautions  had  been  learned.  For  example,  one  was 
found  by  about  20  trials  to  be  equivalent  to  15.  i  arbitrary  units 
of  opalescence,  the  extremes  being  10  and  19.  At  first  sight 
this  does  not  appear  to  be  at  all  accurate,  but  when  one  reflects 
that,  under  improper  conditions,  the  readings  might  be  as  high 
as  45,  it  appears  more  satisfactory. 

With  a  constant  standard  of  reference  the  efiect  of  a  great 
many  variations  might  have  been  studied.  What  proved  to  be 
major  variables  proved  also  to  be  dependent  upon  each  other. 
Some  of  the  most  obvious  influences  are  the  manner  of  pre- 
cipitating and  stirring  the  solution.  These  operations  were  done 
as  uniformly  as  possible  in  all  the  experiments.  Whenever 
definite,  very  dilute  solutions  were  prepared,  by  diluting  more 
concentrated  ones,  or  whenever  small  quantities  of  electro- 
lytes were  added,  the  solutions  were  stirred  most  thoroughly, 
and  finally  allowed  to  stand  for  a  few  minutes  to  make  them 
still  more  uniform.  During  precipitation,  also,  they  were 
stirred  thoroughly  and  uniformly,  usually  20  strokes,  with 
the  propeller-shaped  platinum  stirrers,  previously  described. 
More  than  20  strokes  had  no  further  effect.  Failure  to  stir 
when  precipitation  begins  results  in  a  noticeable  alteration  of 
the  intensity  of  opalescence.  Uniform  precipitation  seems  to 
be  hard  to  attain,  but  perhaps  it  might  be  regulated  somewhat 
by  using  just  the  right  concentration  of  precipitant.  As  re- 
gards light,  most  of  these  experiments  were  done  in  the  dim 
light  of  a  single  i6-candle-power  light  in  a  dark  room.  Some 
were  repeated  in  red  light  alone,  but  no  difference  was  detected. 
When  not  under  direct  observation,  all  tubes  stood  in  a  box  in 
absolute  darkness.     Of  course  the  opalescences  darken  in  day- 
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light,  but  no  darkening  was  ever  certainly  proved  to  be  due  to 
the  light  of  the  room  in  which  experiments  were  performed. 
Even  some  weak  opalescences  exposed  to  the  light  of  the  nephe- 
lometer  for  2  hours  were  not  darkened  perceptibly. 

The  silver  nitrate  employed  had  been  sufficiently  recrystal- 
lized  to  free  it  wholly  from  chloride.  The  potassium  chloride 
had  been  purified  by  precipitation  with  hydrochloric  acid. 
The  nitric  acid  used  had  required  three  wasteful,  fractional 
distillations  before  it  was  free  from  chloride.  The  potassium 
nitrate  had  been  evaporated  to  dryness  with  the  addition  of 
nitric  acid  until  all  hydrochloric  acid  was  expelled  ;  it  was 
then  recrystallized  from  water.  The  sulphuric  acid  was  boiled. 
Aluminum  nitrate  was  prepared  by  dissolving  clean  strips  of 
the  metal  in  the  pure  nitric  acid.  Throughout  the  work  great 
precautions  were  taken  to  get  rid  of  contaminating  chlorides 
from  the  air,  the  desk  and  the  hands.  It  is  a  pleasure  to 
thank  Mr.  William  D.  Hutchinson,  of  Oxford  University,  for 
his  kind  assistance  in  preparing  some  of  the  standard  solutions 
and  in  making  a  number  of  the  preliminary  observations. 

I.   Effect  of  the  Medium  in  which  Precipitation  Occurs. 

When  silver  chloride  is  precipitated  by  mixing  fairly  con- 
centrated solutions,  large  curds  settle  out  and  very  little 
opalescence  is  observed.  In  more  dilute  solutions,  about  nor- 
mal for  example,  the  addition  of  a  silver  salt  to  a  chloride 
leaves  a  marked  opalescence,  but,  strange  to  say,  the  addition 
of  chloride  to  the  silver  salt  results  in  a  coagulation  and,  con- 
sequently, much  less  opalescence.  Ionized  silver,  therefore, 
appears  to  have  marked  coagulating  power  since  it  is  present 
in  excess  during  precipitation  in  the  latter  case.  Precipitation 
from  extremely  dilute  solutions  yields  a  fine  state  of  division  or 
suspension.  This  coagulates  or  clarifies  slowly  upon  shaking, 
much  faster  in  the  presence  of  nitric  acid.  Similarly,  during  re- 
peaited  washings  of  the  precipitate  in  pure  water  it  tends  to  go 
into  an  emulsion  or  milky  state,  which  will  not  clear  for  days, 
alone,  but  usually  clarifies  by  the  addition  of  nitric  acid. 
Now  nitric  acid  has  been  shown  to  hasten  the  development  of 
opalescent  precipitates  also  and  one  may  thus  infer  that  pre- 
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cipitation  and  coagulation  are  very  closely  related.  Indeed,  it 
is  impossible  to  draw  any  line  between  the  two  phenomena — 
precipitation  must  be  a  process  of  coagulation.  The  object  of 
the  nephelometric  experiments  was,  therefore,  to  attain  this 
coagulation  in  a  definite  and  reproducible  fashion.  It  appeared 
reasonable  to  suppose  that  the  maximum  opalescence  which 
could  be  attained  in  any  way  would  most  nearly  represent  the 
truth.  For  practical  purposes  the  quickest  way  to  attain  that 
maximum  would  also  be  desirable.  Hence,  it  might  appear 
that  all  experiments  should  record  a  study  of  the  speed  of  pre- 
cipitation. They  should,  were  it  not  for  the  fact  that  opales- 
cences forming  at  different  rates,  in  different  media,  do  not, 
necessarily,  attain  the  same  intensity.  Very  slow  precipita- 
tions appear,  in  general,  to  be  swamped  by  superimposed  ef- 
fects, so  that  they  never  attain  the  maxima  which  quickly 
forming  opalescences  acquire.  The  variable  to  be  controlled 
first  in  nephelometric  observations,  therefore,  is  the  medium. 
In  order  to  point  out  the  effect  of  various  media,  the  maxi- 
mum opalescences  which  could  be  attained,  without  regard  to 
the  time  required  to  attain  the  maximum,  are  here  stated. 
Then,  under  a  separate  head,  will  be  shown  the  speeds  attained 
in  the  best  media. 

Intense  Opalescences. 
KCl  (N/0.000040)  precipitated  by  AgNOg. 

Intensity  of  opalescence. 

In  water  21^ 

N/0.05  HNO3  29 

N/0.05  A1(N03)3  29 

N/0.025  KNO,  32 

AgNOj  (N/o. 000040)  precipitated  by  KCl. 

Opalescence. 

Without  any  electrolyte  21 

In  N/0.025  AlCNOg),  16 

In  dilute  H,SO,         '  28 

In  N/0.025  HNO3  30    • 

In  N/0.025  KNO3  31 

In  HNO3  +  KNO3  26 

In  HC.HjO,  24 

1  These  numbers  are  merely  the  reciprocals  of  the  heights  of  opalescence  appear- 
ing equal  to  a  glass,  multiplied  by  looo.  They  indicate  intensity  of  opalescence  on  an 
arbitrary  scale. 
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The  opalescence  in  water  alone  would  probably  not  have 
been  so  great  if  the  traces  of  electrolyte  produced  by  meta- 
thesis could  have  been  eliminated.  Hence  the  presence  of 
electrolytes  appears  advantageous  in  these  intense  opalescences. 

Weak  Opalescences. 
KCl  (N/0.000007)  precipitated  by  AgNO,. 

In  the  first  experiments  about  a  drop  of  fairly  concentrated 
solutions  of  various  salts  was  added  to  each  tube.  Tubes 
without  any  electrolyte  attained  the  greatest  opalescence. 
This  was  attributed  to  a  possible  greater  solubility  of  silver 
chloride  in  the  solutions  containing  electrolytes.  It  may  be 
related  to  the  coagulative  power  of  ionized  silver.  With  only 
traces  of  electrolytes,  all  the  tubes  behaved  similarly.  Further 
experiments  might  well  be  made  on  this  case,  with  special  re- 
gard to  the  proper  excesses  required,  according  to  the  results 
shown  later. 

AgNOs  (N/0.0000040)  precipitated  by  KCl. 

Opalescence. 

In  water  14 

In  N/0.025  KNO,  20 

In  N/0.025  AKNOj),  18 

In  N/0.025  HNO3  18 

In  trace  of  HNO3  18 

A  different  glass  was  used  for  weak  opalescences  than  for 
intense  opalescences.  In  this  case  electrolytes  appear  to  be 
advantageous,  as  usual. 

Experiments  were  also  made  with  "  actual"  silver  chloride 
solutions.  The  phenomena  were,  in  general,  similar  to  the 
above,  except  for  time  eflFects  to  be  noted  later.  No  better 
electrolytes  than  potassium  nitrate  and  nitric  acid  for  intensi- 
fying opalescence  were  found.  The  quantity  to  be  used  de- 
pends upon  the  amount  of  precipitate  ;  it  should  be  small 
with  slight  quantities  of  precipitate. 

It  is  believed  that  the  excesses  used  for  precipitation  in  the 
cases  above  were  sufficient.  A  full  study  of  that  matter  had 
not  been  made  when  these  results  were  obtained  and  hence 


opalescent  Silver  Chloride  Precipitates.  105 

less  attention  was  paid  to  it.     Below  are  given  the  results  bear- 
ing upon  that  particular  question. 

2.  The  Excess  Required  to  Produce  Maximum  Opalescence. 

This  point  has  been  frequently  discussed.  Mulder  thought 
that  four  times  the  equivalent  of  soluble  salt  was  required  of 
the  precipitant  to  insure  complete  precipitation  from  silver 
chloride  solutions.  Stas  considered  a  threefold  excess  sufficient. 
Several  workers  have  pointed  out  that  the  earlier  conclusions 
varied  according  to  the  means  used  to  detect  the  opalescence/ 
Without  regard  to  theories,  experiments  were  made  upon  this 
point. 

KCl  (N/0.000040)  precipitated  by  AgNOj. 


Excess        5  times  equivalent  of  KCl 


100 

"  1000        "  a  a        a 

Although  any  excess  of  silver  nitrate  up  to  100  times  the 
equivalent  of  potassium  chloride  causes  no  appreciable  variation 
of  the  opalescence,  an  excess  of  1000  times  causes  a  diminu- 
tion. This  may  be  due  to  the  great  coagulative  power  of  ion- 
ized silver,  or,  more  likely,  to  the  formation  of  a  soluble 
double  salt. 

AgNOj  (N/0.000040)  precipitated  by  KCl. 


Intensity  of 
opalescence. 

30 
29  j 

30 

25) 

33) 

29 

24 

18 

Excess 

5  times  equivalent  of 

AgNOa 

26^ 

Intensity  of 
opalescence. 

23 

" 

ID       " 

(1              <( 

" 

29 
24 
23 
30  J 

26 

(< 

50   " 

200    " 
300   " 

((              << 

((              << 

<( 

31 
32 
22 

(< 

1000     " 

" 

" 

28] 
27 

28 

1  Hoitsema  ;  Z.  physik.  Chem 
Soc,  a7,  483  (1905). 

.,  ao,  272  (1896). 

Richards  and  Wei 

s:  J.  Am.  Chem 
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The  variation  of  opalescence  with  excess  is  here  hardly  be- 
yond the  limit  of  error  of  single  observations.  Certainly  a 
large  excess  produces  no  appreciable  diminution  of  opales- 
cence. The  two  preceding  solutions  were  very  concentrated  in 
comparison  with  real  silver  chloride  solutions,  hence  more  di- 
lute ones  were  next  investigated. 

With  very  dilute  solutions,  about  N/0.000004  and  small  ex- 
cesses, a  phenomenon  like  supersaturation  was  apparent.  Ex- 
cesses of  8  times  usually  failed  to  produce  an  opalescence,  but 
excesses  of  10  times  caused  a  faint  opalescence.  Here  was  il- 
lustrated the  requirement  that  the  solubility  product  must  be 
exceeded  before  precipitation  can  occur.  When  the  solubility 
product  was  barely  exceeded,  opalescence  could  be  made  to 
appear  by  vigorous  stirring.  Thus  supersaturation  does  not 
appear  to  be  limited  to  soluble  salts  and  there  is  no  reason  to 
suppose  that  it  should  be  ;  but  it  required  rather  delicate  regu- 
lation of  the  concentrations  to  render  it  visible  in  the  case  of 
silver  chloride.  The  influence  of  the  medium  was  very 
marked.  Only  results  obtained  in  proper  media  are  given  be- 
low, the  variations  for  pure  water  being  enormous  ;  in  every 
case  where  variation  with  time  was  observed  the  maximum  is 
recorded. 


KCl  (N/o. 0000040)  precipitated  by  AgNOg 

Excess    25  times  equivalent  of  KCl 
75     "  "  "  KNO3 

75     "  "  "  HNO3 

"  75     "  "  "  both 

225     "  "  "  KCl 

450     "  "  "     "  24 


Here  the  result  of  too  small  an  excess  is  very  marked,  but 
the  diminution  caused  by  a  large  excess  is  small,  if  any. 


Opalescence. 

9 

20) 

24 

24 

29) 

25] 

33  i 

30 
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Opalescence 

KN03 

50  min. 

14 

HNO, 

40     " 

17  ' 

KNO3 

50     " 

18  ■ 

20 

HNO3 

4  hours 

26) 

KNO3 

40  min. 

26  ■ 
21 

HNO3 

40     " 

24 

both 

50     " 
50     " 

26" 

27  J 

27 

'* 

3  hours 

31 

KNO3 

40  min. 

20) 

HNO3 

40     " 

30 

24 

" 

2  hours 

22) 

" 

10  min. 

18 

AgNOg  (N/0.0000040)  precipitated  by  KCl. 

Excess    15-fold 

25  " 

25  " 

25  " 

50  " 

50  " 

60  " 

60  " 

75  " 

100  " 

100  " 

100  " 

200  " 

Notwithstanding  the  variations  which  occurred  with  differ- 
ent media  and  in  the  times  at  which  the  maxima  were  observed, 
a  decided  regularity  is  apparent.  The  maximum  opalescence 
occurs  with  an  excess  of  about  70  times  the  equivalent  of  the 
ionized  silver  to  be  precipitated.  If  this  is  more  than  the 
theory  requires  it  is  probably  due  to  an  overcoming  of  the  ten* 
dency  towards  solubility  of  the  silver  chloride  in  the  media  em- 
ployed. 

The  phenomena  for  medium  concentrations  undoubtedly  lie 
between  the  two  extremes  of  N/0.00004  and  N/o. 000004 studied. 

8.  The  Time  Required  to  Obtain  Maximum  Opalescence. 

The  speed  of  opalescent  precipitation  is  affected  by  many  in- 
terrelated variables.  For  example,  it  depends  upon  the  excess 
used,  although  the  influence  is  not  great,  providing  a  proper 
excess  has  been  used.  As  one  would  expect,  the  greater  ex- 
cess was  found  to  cause  a  quicker  precipitation.  Silver  ni- 
trate (N/0.000004)  was  precipitated  in  two  similar  solutions 
containing  nitric  acid,  with  opalescence  as  follows  : 

Time. 
Minutes. 

ID 

50 
540 

The  speed  is,   undoubtedly,  affected  by  temperature.     No 


25  times. 

Excess  100  times 

18 

21 

20 

22 

22 

21 
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experiments  were  made  to  illustrate  this  point,  since  the  tubes 
which  were  being  compared  were  usually  at  the  same  tempera- 
ture. The  room  also  remained  fairly  constant  in  temperature. 
This  question  should  receive  attention  if  a  method  of  estima- 
tion by  standard  glasses  is  perfected,  so  that  corrections  could 
be  made  for  readings  taken  at  different  temperatures. 

For  practical  purposes  of  nephelometry  the  object  is  to  at- 
tain the  maximum  opalescence  in  the  shortest  time  possible. 
The  accelerating  influence  of  certain  electrolytes  had  been  pre- 
viously pointed  out  in  a  qualitative  way.*  It  seemed  wise, 
therefore,  to  study  the  specific  influence  of  a  number  of  new 
electrolytes,  following  the  precipitation  in  a  quantitative  way 
by  reference  to  constant  glasses.  Below  are  given  some  of  the 
results  so  obtained. 

AgNOg  (N/0.000040)  precipitated  by  KCl  (lo-fold  excess.) 
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Opalescences. 

I  min. 

8 

25 

16 

15 

II 

14 

9 

8 

7 

15    " 

9 

31 

26 

30 

13 

16 

10 

30    " 

10 

29 

23 

29 

14 

15 

28 

13 

80    " 

14 

28 

20 

28 

14 

16 

27 

19 

21 

4  hrs. 

20 

24 

21 

26 

17 

16 

26 

24 

23 

14    " 

21 

18 

18 

24 

16 

16 

23 

• 

24 

It  will  be  noticed  that  the  tube  containing  potassium  nitrate 
attains  maximum  opalescence  in  15  or  20  minutes.  Next  in 
order  of  speed  follow  the  tubes  containing  nitric  acid,  potas- 
sium nitrate  plus  nitric  acid,  and  sulphuric  acid.  The  tube 
without  any  electrolyte  except  that  added  to  precipitate  or  that 
produced  by  metathesis  was  still  increasing  slowly  at  the  end 
of  14  hours.  The  results  were  not  always  so  without  electro- 
lytes, however,  as  was  shown  when  considering  the  medium 
under  the  head,  weak  opalescences. 

Such  readings,  extending  over  many  hours,  were  made  with 

1  Richards  and  Wells  :  J.  Am.  Chem.  Soc,  ay,  486  (1905). 
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intense,  medium  and  weak  opalescences  when  precipitated  by 
the  addition  of  silver  nitrate  to  potassium  chloride,  potassium 
chloride  to  silver  nitrate  and  each  of  these  salts  to  actual  solu- 
tions of  silver  chloride,  in  the  presence  of  the  various  electro- 
lytes above  mentioned,  about  400  observations  in  all.  The 
publication  of  these  readings  would  require  many  pages. 
Since  many  of  them  turned  out  to  be  mere  repetitions  it  seems 
wiser  to  state  only  the  general  conclusions. 

In  general,  the  substances  which  aid  in  producing  maximum 
opalescence  also  hasten  the  speed  of  its  formation.  Hence,  the 
behavior  in  water  alone  was  exceptional  in  every  case,  except 
that  of  the  very  weakest  opalescences.  No  better  accelerators 
than  the  "strong  electrolytes,"  salts  and  the  mineral  acids, 
were  found.  The  time  of  maximum  opalescence  with  good 
accelerators  present  varied  for  the  different  cases,  roughly  as 
follows : 

Intense  opalescences  (about  N/0.00005). 


Time  of  maximum. 
Minutes. 

AgNO,  added  to  KCl 
"      .<  AgCl 

KCl           "      "  AgN03 
"      "  AgCl 

4 
20 
30 
20 

Medium  opalescences  (about  N/0.00002), 

Time  of  maximum. 

Minutes. 

AgNOj  added  to  KCl 
"      "  AgCl 

KCl           "      "  AgNOj 
"      "  AgCl 

ID 

25 
25 
25 

Weak  opalescences  (about  N/o 

.000005). 

Time  of  maximum. 
Minutes. 

AgNO,  added  to  KCl 
-      "  AgCl 

KCl           "      "  AgNO, 
"      "  AgCl 

20 
30 
30 
30 

In  practice  it  was  so  difl&cult  to  control  all  but  one  variable 
that  the  results  above  have  a  relative  rather  than  an  absolute 
significance.     Particularly,  too  much  significance  must  not  be 
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attached  to  the  times,  30  minutes  and  over,  for  the  opalescence 
had,  in  those  cases,  become  so  stable  that  it  usually  varied  only 
slightly  for  3  or  4  hours  further,  and  the  exact  maximum  fell 
now  at  one  time,  now  at  another.  On  this  account,  if  the  most 
exact  results  are  desired,  observations  should  always  continue 
until  opalescence  begins  to  fade.  Only  in  this  way  can 
one  be  absolutely  certain  that  the  maximum  has  been  attained. 
That  these  insignificant  variations  were  due  to  the  state  of  the 
water  or  temperature  is  rendered  probable  by  the  fact  that, 
when  the  maximum  was  late  in  its  attainment  in  one  case  it 
was  late  in  the  other  tubes  that  day. 

Perhaps  the  most  striking  fact  in  the  results  is  that  "actual" 
silver  chloride  solutions  attain  their  maximum  so  much  more 
uniformly  than  chlorides  or  silver  salts  precipitated  by  the 
opposite  ion.  These  facts  bear  upon  atomic  weight  work.  In 
the  equal  opalescence  method,  with  chloride,  the  time  of 
observation  need  not  be  extended  beyond  an  hour,  although  no 
error  would  be  introduced  by  so  doing.  In  determining  chlo- 
ride in  a  silver  chloride  solution,  however,  by  nephelometric 
methods,  this  point  would  have  to  be  considered.  The  proper 
procedure  would  be  to  precipitate  the  unknown  silver  chloride 
solution,  allowing  it  to  develop  for  16  minutes,  then  to  precipi- 
tate the  standard  solution  and  make  the  comparison  at  the  end 
of  the  next  4  minutes.  The  time  would  be  somewhat  differ- 
ently adjusted  if  silver  were  being  determined.  But  the  use  of 
a  glass  as  a  standard  of  reference  would  be  the  best  way  of  all. 

A  small  correction  may  now  be  made  for  this  error  in  deter- 
mining the  atomic  weight  of  sodium.  Since  the  unknown 
opalescence  attained  its  maximum  after  the  known  had  begun 
to  fade,  too  much  standard  solution  was  used. to  match,  finally, 
the  unknown  opalescence ;  hence  the  soluble  chloride  recorded 
was  too  great.  The  error  so  committed  might  have  amounted 
to  20  per  cent  in  the  solubility,  therefore  about  0.002  per  cent 
in  a  usual  determination,  hence  o.ooi  unit  in  the  atomic 
weight  of  sodium.  The  result  attained  by  the  gravimetric 
method,  23.oo6(if  Ag=  107.93),  wouldbecome  23.007  with  this 
correction,  therefore,  but  the  final  average  with  the  result  of  the 
equal  opalescence  method,  23.009,  would  still  remain  23.008. 
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It  is  also  now  very  clear  why,  in  the  earlier  work  with  the 
nephelometer,  the  ratio  of  two  tubes  occasionally  changed 
enormously  with  time/  for  the  standard  was  increasing  in  inten- 
sity, the  unknown  solution  decreasing.  This  is  shown  by  the 
following  example  : 

Time.  Ratio  of  opalescences. 

5  min.  3.20 

15     "  2.76 

30    "  2.20 

60    "  1.59 

2.5  hours  1. 19 

7         "  1.08 

15         "  0.99 

It  also  becomes  interesting  to  speculate  as  to  the  causes  of 
the  ever  shifting  opalescences.  It  is  evident  that  a  given  number 
of  small,  separate,  visible  particles  will  cause  a  greater  opales- 
cence than  the  same  number  collected  into  an  aggregation,  for 
the  reflecting  surface  exposed  will  be  greater.  But  if  it  be  as- 
sumed that  some  of  the  single  particles  are  too  small  to  reflect 
light  at  all,  that  would  not  be  true.  As  the  latter  assumption 
is  a  likely  one,  the  development  of  opalescence  is  probably  due 
to  aggregation,  and  precipitation  is  only  the  point  where  the 
aggregations  first  attain  the  limit  of  visibility.  The  aggrega- 
tion may  be  hastened  initially  by  the  presence  of  electrolytes. 
The  action  has  been  variously  explained;  Whetham  shows 
agreement  between  the  facts  and  the  theory  that  a  certain 
number  of  electrostatic  charges  must  be  brought  within  reach 
of  a  colloidal  group. ^  Hence,  he  assumes  that  coagulation  oc- 
curs in  consequence  of  a  change  in  the  surface  energy  of  the 
colloids,  due  to  the  presence  of  the  electrostatic  charge. 
Quincke  explains  the  phenomena  solely  by  surface  tension 
changes.  It  seems  reasonable  to  suppose  that  aggregation 
could  only  be  expected  to  occur  rapidly  while  the  particles  are 
small  and  their  kinetic  motion  or  diffusion  is  rapid.  As  ag- 
gregations become  larger  the  process  will  become  slower,  until 
a  point  is  reached  where  all  aggregations  have  attained  the 

1  J.  Am.  Chem.  Soc,  27,  484.      Many  results  attained  in  the  earlier  work  appeared 
so  anomalous  that  they  were  never  published. 

2  "  A  Treatise  on  the  Theory  of  Solution,"  p.  396  (1902). 
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limit  of  visibility  and  the  exposed  surface,  and  therefore  the 
opalescence,  begins  to  decrease,  owing  to  further  aggregation. 
The  decrease  is  less  dependent  upon  the  medium  than  is  the 
initial  formation  of  opalescence.  Moreover,  a  small  part  of  the 
decrease  is  due  to  settling  of  the  particles  under  the  influence  of 
gravity. 

The  above  suppositions  are  very  closely  related  to  the  pres- 
ent theories  of  colloids,  and  the  peculiar  behavior  of  silver 
chloride  has  previously  been  ascribed  to  its  colloidal  condi- 
tion.^ But  Picton  and  lyinder  have  pointed  out  that  there  is 
probably  no  difference  in  kind  between  a  colloid  and  a  crystal- 
loid.^ This  is  made  especially  clear  by  Beckhold  in  a  paper 
upon  the  agglutination  of  bacteria.'  He  points  out  that  is  a 
continuous  transition  from  crystalloids  in  the  first  place  to 
those  bodies,  partly  colloidal,  which  aggregate  in  solution  so 
as  to  produce  high  molecular  weight,  then  to  the  real 
colloids,  which  look  like  solutions  but  are  really  suspensions 
and,  finally,  to  the  visible  suspensions.  Many  colloids 
are  coagulated  by  the  addition  of  univalent,  bivalent 
and  trivalent  salts  with  the  relative  speeds,  i  :  35  :  1023.* 
The  action  of  aluminum  nitrate  was  tried  for  the  purpose 
of  seeing  if  silver  chloride  belongs  to  this  class.  Since 
aluminum  nitrate  had  no  unusual  effect,  two  possibilities 
remained.  Either  silver  chloride  is  not  a  colloid,  or  else  it  is 
one  which  moves  with  an  electric  current  and  hence,  according 
to  Hardy, ^  one  would  expect  only  anions  to  affect  its  coagula- 
tion. Without  knowing  about  its  movement  in  an  electric 
field,  coagulation  in  the  presence  of  sulphates  was  tried. 
These  also  failed  to  cause  unusual  speed  of  coagulation. 
Hence,  there  remained  only  one  argument  in  favor  of  the  col- 
loid theory,  the  occasional  color  of  the  opalescences.  This, 
however,  can  be  accounted  for  by  strictly  physical  conceptions. 
The  only  tints  appearing  were  a  pale  blue  or  a  faint  reddish- 
brown  ;  now  lyord  Rayleigh  has  shown  that  when  the  size  of 

1  Richards  and  Wells  :  J.  Am.  Chem.  Soc,  ay,  484. 

2  J.  Chem.  Soc,  61,  148  (1892). 

3  Z.  physik.  Chem.,  48,  385  (1904). 

*  Schulze  :  J.  prakt.  Chem.,  as,  431  (1882). 
6  P.  Roy.  Soc,  66,  no  (1900). 
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reflecting  particles  approaches  the  wave  length  of  light  they 
begin  to  cease  reflecting  ;  but  the  short  blue  waves  are  reflected 
by  particles  small  enough  to  transmit  the  red  waves.  It  seems 
probable,  then,  that  opalescences  occasionally  appear  blue  for 
the  same  reason  that  the  sky  does, — the  smallness  of  the 
reflecting  particles.  Similarly,  the  red  tints  would  be  ac- 
counted for  by  transmitted  light  which  has  lost  its  blue  com- 
ponent by  partial  dispersion,  though  these  were  not  so  fre- 
quently observed  as  the  blue  tints. 

It  is  also  interesting  to  notice  that  many  of  the  phenomena 
studied  in  this  paper  have  a  direct  bearing  upon  photography. 
During  the  ripening  of  plates  the  change  of  powdery  to  granu- 
lar silver  chloride  takes  place.  Eder  records  that  unripe  emul- 
sions show  the  red  and  blue  tints  by  transmitted  light.  ^  Ac- 
cording to  lyiesegang  the  presence  of  potassium  bromide  in  de- 
velopers increases  the  size  of  the  granules  of  silver,'  but  this  is 
just  what  would  be  expected  in  accordance  with  the  results 
of  the  nephelometer. 

4.  Proper  Treatment  for  Estimating  Various  Opalescences. 

In  order  to  save  the  time  of  those  attempting  nephelometry, 
the  precautions  for  several  typical  cases  are  here  collected  : 

Intense  Opalescences  (N/0.00005)  : 

Silver  nitrate  added  to  potassium  chloride  :  Add  nitric  acid 
or  potassium  nitrate.     Use  8-fold  excess.     Read  in  4  minutes. 

Silver  nitrate  added  to  silver  chloride  already  containing 
potassium  nitrate.     Read  in  20  minutes. 

Potassium  chloride  added  to  silver  nitrate  :  Add  electrolyte. 
Use  50-fold  excess.     Read  in  30  minutes. 

Potassium  chloride  added  to  silver  chloride,  already  contain- 
ing potassium  nitrate.     Read  in  20  minutes. 

Weak  Opalescences  (N/o.  000005)  .• 

Silver  nitrate  added  to  potassium  chloride  :  Add  electrolyte. 
Use  loo-fold  excess.     Read  in  20  minutes. 

Silver  nitrate  added  to  silver  chloride,  already  containing 
electrolyte.     Read  in  30  minutes. 

1  "Photographic,"  9,  66  (1902). 
'  Loc.  cit.,  p.  102. 
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Potassium  chloride  added  to  silver  nitrate :  Add  electrolyte. 
Use  70-fold  excess.     Read  in  30  minutes. 

Potassium  chloride  added  to  silver  chloride,  already  contain- 
ing electrolyte.      Read  in  30  minutes. 

In  general,  therefore,  the  object  is  to  make  the  standard 
tubes  as  nearly  like  the  unknown  as  possible,  or,  if  standard 
glasses  are  being  used,  to  attain  the  maximum. 

The  question  naturally  arises  whether  the  forced  maxima  are 
really  as  uniform  as  less  intense  opalescences  attained  after  re- 
pose. A  considerable  weight  of  confirmatory  evidence,  which 
will  appear  shortly  in  another  paper,  shows,  conclusively,  that 
the  maxima  are  the  best  measures  of  the  concentration.  More- 
over, electrolytes  must  be  present  in  some  solutions  and  uni- 
formity, therefore,  demands  that  they  be  present  in  all.  It  is 
very  likely  that,  occasionally,  an  extreme  maximum  will  be 
produced,  just  as  too  weak  opalescences  may  occur  ;  hence  the 
average  of  several  observations  will  approach  nearer  the  truth 
than  only  one  or  two. 

Summary. 

1 .  The  chief  sources  of  error  in  previous  nephelometric  work 
are  pointed  out. 

2.  The  use  of  ground  glass  standards  of  reference  proved 
advantageous  in  studying  the  variation  of  opalescent  precipi- 
tates with  time. 

3.  For  every  concentration  a  suitable  medium  and  excess  of 
precipitant  is  required. 

4.  Electrolytes  both  augment  the  maximum  opalescence  to 
be  precipitated  from  a  solution  and  hasten  its  deposition. 

5.  The  bearing  of  these  facts  upon  other  fields  is  pointed 
out. 

6.  Directions  for  procedure  are  given  for  several  special  cases 
of  nephelometry. 

Chemical  Laboratories, 
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ON   THE   BEHAVIOR   OF  BENZOYL   CARBINOL    TO- 
WARDS ALKALIES  AND  OXIDIZING  AGENTS. 

By  Wm.  I^loyd  Evans. 

Zincke  and  his  students  were  the  first  to  study  the  behavior 
of  benzoyl  carbinol  towards  oxidizing  agents.'  They  found 
that  it  gives,  according  to  the  oxidizing  agent  used,  varying 
proportions  of  mandelic,  benzoylformic,  benzoic  and  carbonic 
acids.  The  most  notable  of  their  experiments  was  the  action 
of  copper  and  sodium  hydroxides  on  benzoyl  carbinol  and 
acetolacetate,  r-mandelic  and  r-lactic  acids,  respectively,  being 
the  chief  reaction  products  obtained.  Zincke  suggested^  that 
in  this  reaction  the  benzoyl  carbinol  might  first  be  resolved  into 
benzaldehyde  and  formaldehyde  and  that  these  products  might 
subsequently  combine  to  give  r-mandelic  aldehyde,  whose  con- 
version to  the  corresponding  acid,  in  the  presence  of  the  oxid- 
izing agent,  would  then  be  readily  understood.  He  also  pre- 
sented the  view  that  the  aldehyde  of  benzoyl  carbinol  might 
first  be  formed  by  direct  oxidation  of  the  primary  alcohol 
group  present  in  benzoyl  carbinol  and  that  the  resulting  ben- 
zoylformaldehyde  might  be  converted  to  mandelic  acid  by  in- 
tramolecular oxidation  and  reduction,* 

0  :  CCC.HJCH  :  O  +  H,0     —     CeH5CH(0H)C00H. 

Kling,  in  his  recently  published  statement,*  divides  the  ac- 
tion of  oxidizing  agents  into  three  categories,  according  to  the 
relative  amount  of  lactic,  acetic  and  carbonic  acids  obtained 
from  the  analogous  acetyl  carbinol. 

It  is  clearly  evident  from  the  work  of  Nef*  that  mandelic 
and  lactic  aldehydes  cannot  be  isolated  as  such,  but  are  trans- 
formed spontaneously  into  the  isomeric  benzoyl  and  acetyl 

1  Ber.  d.  chem.  Ges.,  13,  635.    Ann.  Chem.  (Liebig),  ai6,  311. 
^  Ibid.,  216,  314. 

3  Cf.  v.  Meyer:  Ber.  d.  chem.  Ges.,  13,  2344. 

*Bull.  See.  Chim.,  [3I,  33-34,  1,49.    Compt.  rend.,  139,  740-742. 

6  Ann.  Chem.  (Liebig),  335,  247-279. 
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carbinols,  which  are  not  tautomeric  compounds.  Further- 
more, the  conversion  of  benzoyl  or  acetyl  carbinol  into  r-man- 
delic  or  r-lactic  aldehyde  by  dissociation  and  subsequent  addi- 
tion, as  assumed  by  Zincke  (see  above)  is  excluded,  as  Nef  has 
shown  that  an  equimolecular  mixture  of  formaldehyde  and 
acetaldehyde  gives  absolutely  no  r-lactic  acid  in  the  presence 
of  cupric  hydroxide  and  sodium  hydroxide.  Nef,  therefore, 
came  to  the  conclusion  that  benzoyl-  and  acetylformaldehydes, 
respectively,  must  first  be  formed  in  the  reaction  under  discus- 
sion and  that  the  conversion  of  the  resulting  aldehydes  into 
lactic  and  mandelic  acids  is  due  to  a  benzilic  acid  rearrange- 
ment. As  is  well  known,  almost  all  orthodicarbonyl  com- 
pounds, 

XC  :0 

I         . 
YC  :0 

whether  in  open  chains  or  closed  cycles,  undergo  such  a  rear- 
rangement or  conversion,  by  absorption  of  i  molecule  of  water> 
into  a-hydroxy  acids, 

XYC(OH)COOH. 

In  some  cases,  as  with  hexaketomethylene  and  diketosuccinic 
acid,  this  rearrangement  takes  place  quantitatively  in  dilute 
aqueous  solution  ;  in  most  instances  it  requires  the  presence 
of  more  or  less  concentrated  aqueous  caustic  alkalies, 
or  at  times  even  solid  potassium  hydroxide  at  higher  tempera- 
tures. Nef^  has  presented  the  following  interpretation 
of  this  remarkable  rearrangement:     The  orthodicarbonyl  com- 

XC  :0  \ 

pound        I  dissociates  into  XYC  :  O  and       C  :  O  ;    the 

YC  :0  / 

products  of  dissociation,  in  their  active  molecular  form 

XYC— O     +     ^C  :  O, 

I       I  ^ 

unite  to  form  the  addition  product, 

>  Ann.  Chem.  (I,iebig),  335,  272-273. 
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O 
>C C  :  O, 

which  then,  by  hydrolysis,  gives  the  a-hydroxyacid 

>C<^— C—    +  H  .  OH   1--    XYG(OH)CQH. 

O  O 

At  the  suggestion  and  under  the  supervision  of  Professor  J. 
U.  Nef  I  have  taken  up  a  careful  and  exhaustive  quantitative 
study  of  the  behavior  of  benzoyl  carbinol  towards  oxidizing 
agents  under  the  most  varied  conditions.  The  work  of  Nef 
during  the  past  10  years  on  the  monoatomic  alcohols,  alde- 
hydes and  fatty  acids,  as  well  as  on  glycols,  glycerols  and 
sugars,  has  shown  that  it  is  possible  to  follow,  rigidly,  by  ex- 
periment, the  course  taken  by  many  apparently  complicated 
oxidation  processes.  The  problem  in  the  benzoyl  carbinol 
series  seemed  especially  susceptible  of  experimental  treatment ; 
first,  because  the  possible  acid  oxidation  products,  benzoic, 
r-mandelic  and  benzoylformic  acids  were  all  well-known,  crys- 
talline compounds,  and  quantitative  methods  for  their  sharp 
separation  could  easily  be  worked  out ;  second,  because  the 
first  possible  oxidation  product  of  benzoyl  carbinol,  namely, 
benzoylformaldehyde  was  known,  having  been  discovered  by 
v.  Pechmann,^  and  its  behavior  on  oxidation  could,  conse- 
quently, be  carefully  investigated.  These  expectations  were 
in  every  way  realized  ;  my  experiments  prove,  in  a  most  rigid 
manner,  the  correctness  of  all  the  conclusions  reached  by  Nef, 
as  briefly  presented  above.  Of  special  importance  is  the  be- 
havior of  benzoylformaldehyde  under  various  conditions. 
This  substance  is  converted  quantitatively  into  r-mandelic 
acid,  very  rapidly  at  ordinary  temperatures,  by  all  soluble 
caustic  alkalies,  even  in  most  dilute  aqueous  solutions,  and  also 
by  aqueous  copper  acetate  solutions  at  7o°-ioo°.  The  be- 
havior of  benzoylformaldehyde  towards  various  oxidizing 
agents  alone  and  in  the  presence  of  dilute   caustic  alkalies 

1  Ber.  d.  chem.  Ges.,  ao,  2904  ;  aa,  2556. 
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proves,  in  a  most  convincing  manner,  that  this  substance,  in  the 
process  of  transformation  into  r-mandelic  acid  by  a  benzilic 
acid  rearrangement,  must  first  be  dissociated  into  benzaldehyde 
and  carbonic  oxide,  as  assumed  by  Nef .  The  facts  are  these  : 
A.  Benzoylformaldehyde  gives,  with  freshly  precipitated 
mercuric  or  silver  oxides,  alone  or  in  the  presence  of  caustic 
alkalies,  .benzoic  and  carbonic  acids  only  ;  separate  experi- 
ments with  mandelic  and  benzoylformic  acids  and  the  oxides 
named  prove  that  this  oxidation  cannot  possibly  have  taken 
place  with  the  intermediate  formation  of  these  acids.  B.  Ben- 
zoylformaldehyde, with  cupric  oxide  and  caustic  alkalies,  as 
well  as  with  potassium  ferricyanide  and  potassium  hydroxide, 
gives,  practically,  r-mandelic  acid  only.  C.  Benzoylformalde- 
hyde, with  aqueous  potassium  permanganate,  in  the  cold, 
gives,  practically,  only  benzoic  acid  ;  under  the  same  condi- 
tions, but  in  the  presence  of  caustic  alkalies,  about  equal 
amounts  of  benzoylformic,  benzoic  and  carbonic  acids  are 
formed.  It  is,  moreover,  certain  that  the  benzoylformic  acid 
is  formed  from  r-mandelic  acid  obtained  by  a  benzilic  acid  re- 
arrangement of  the  aldehyde,  and  not  through  a  direct  oxida- 
tion of  the  aldehyde,  and  its  proportion  undoubtedly  varies  with 
the  concentration  of  the  alkali  used. 

The  only  possible  interpretation   of  the  results.  A,  B  and  C, 
is  the  following  : 

I.  Benzoylformaldehyde    is   partially  dissociated    into    car- 
bonic oxide  and  benzaldehyde, 

\ 

0:C(CeHJCHO     !:::     C,H,CHO  +  C:0. 

II.  The  relative  rate  of  transformation  of  the  products  of 
dissociation  I  into  r-mandelic  acid, 


CH.CH  .  O  +      C  :  O     -^     C,H,CH C  :  O,  etc. 

11/  \/ 


and  the  relative  rate  of  oxidation  of  these  dissociation  products 
into  benzoic  and  carbonic  acids  varies  in  cases  A,  B  and  C,  re- 
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spectively.  In  other  words,  benzaldehyde  and  carbonic  oxide, 
reacting,  as  is  known,  very  readily  with  the  oxides  of  mercury 
and  silver,  are  entirely  oxidized  in  the  presence  of  these  re- 
agents before  they  can  unite  to  form  r-mandelic  acid  (case  A). 
In  the  presence  of  alkalies  and  cupric  hydroxide  or  potassium 
ferricyanide,  on  the  other  hand,  since  these  are  very  mild  oxid- 
izing agents,  only  a  benzilic  acid  rearrangement  takes  place, 
i.  e.,  the  formation  of  r-mandelic  acid  (case  B).  If  potassium 
permanganate,  without  alkalies,  is  used  on  benzoylformaldehyde 
no  rearrangement  to  r-mandelic  acid  occurs,  but  with  alkalies 
present  (case  C)  about  50  per  cent  of  oxidation  of  its  dissocia. 
tion  products  and  50  per  cent  of  transformation  to  r-man- 
delic  acid  takes  place.  This  is  not  surprising,  since  in  oxida- 
tion by  potassium  permanganate, 

2KMnO,  +  H,0     —     2KOH  +  2MnO,  -f  3O, 

the  amount  of  alkali  set  free  in  the  reaction  is  only  sufficient  to 
form  salts  with  the  benzoic  and  carbonic  acids  which  are 
formed ;  no  experiments  were  carried  out  to  determine  the 
velocity  of  the  transformation  of  benzoylformaldehyde  into 
r-mandelic  acid  with  varying  concentration  of  the  alkali. 

These  results,  therefore,  establish  experimentally  the  cor- 
rectness of  Nef's  interpretation  of  the  benzilic  acid  rearrange- 
ment ;  there  are,  furthermore,  numerous  observations  in  the 
literature  which  prove  that  many  ortho  or  1,2-dicarbonyl  com- 
pounds undergo  dissociation  into  carbonic  oxide  and  a  mono- 
carbonyl  derivative  at  comparatively  low  temperatures,  and 
this  must  also  be  considered  as  evidence  pointing  to  the  same 
conclusion.  Thus  benzil  and  hydroxyoxalacetic  ester  readily 
decompose,  at  250°-300°,  into  carbonic  oxide,  benzophenone 
and  hydroxymalonic  ester,  respectively. 

EXPERIMENTAL  PART. 

Preparation  of  Benzoyl  Carbinol. — Owing  to  the  extreme  sen- 
sitiveness of  benzoyl  carbinol,  especially  towards  alkaline  re- 
agents, the  methods  heretofore  used  in  its  preparation'  were 
found  to  give  very  unsatisfactory  yields  ;  the  same   is   true 

1  Graebe  :  Ber.  d.  chem.  Ges.,  4,  34.  Hunnius  :  fbtd.,  10,  2910.  O.  Fischer  and 
Busch  :  /did.,  34,  2680.    Zincke  :  Ann.  Chem.  (Liebig),  216,  306. 
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when  bromacetophenone  or  a-bromphenylacetaldehyde  are  di- 
gested with  potassium  formate  and  methyl  alcohol,  methods 
which  give  acetol  quantitatively  with  the  corresponding  deriv. 
atives  in  the  fatty  series.^ 

The  hydrolysis  of  benzoyl  carbinol  acetate  by  means  of  17 
parts  of  boiling  water,  for  12  hours,  was  finally  found  to  be 
the  best  means  of  preparing  this  substance  ;  bromacetophenone 
was  made  from  75  grams  of  acetophenone,  according  to  the 
directions  of  Mohlan"  and  the  crude  oil,  124  grams,  precipitated 
by  water,  was  converted  into  the  acetate  by  digesting  for  3 
hours,  under  a  reversed  condenser,  at  i25°-i30°,  with  310 
grams  of  glacial  acetic  acid  and  100  grams  of  fused  sodium 
acetate.  One  hundred  grams  of  crude  acetate  were  thus  ob- 
tained by  addition  of  water,  extraction  with  ether  and  removal 
of  the  acetic  acid  by  washing  with  sodium  carbonate  solution ; 
on  distillation  under  10-15  mm.,  5.3  gramsof  this  boiled  below 
130°  and  the  remainder,  89  grams,  80  per  cent  of  the  theo- 
retical, at  i45°-i55°,  leaving  5  grams  of  tar  in  the  distilling 
flask.  On  hydrolysis  of  the  main  fraction  of  tte  acetate,  as 
mentioned  above,  49  grams  of  pure  benzoyl  carbinol,  crystal- 
lized from  ether-ligroin  and  melting  at  85°-86°,  were  obtained, 
besides  3.5  grams  of  tar,  insoluble  in  boiling  water.  Benzoyl 
carbinol  boils,  according  to  the  observations  of  Nef,  without 
the  slightest  decomposition,  at  Ii8°-i20°  (11  mm.);  on  dis- 
tilling ID  grams  of  it,  under  10  mm.  pressure,  through  a  com- 
bustion tube  filled  with  pumice,  kept  at  4oo°-440°,  in  a  28 
burner  furnace,  7  grams  of  carbinol  were  recovered  unchanged 
(time,  10-15  minutes)  ;  on  repeating  the  experiment,  but  rais- 
ing the  temperature  to  58o°-6oo°,  much  decomposition  with 
gas  evolution  took  place.  The  liquid  decomposition  products, 
2.50  grams,  were  proved  to  contain  benzene  and  benzaldehyde, 
which  was  identified  as  phenylhydrazone  ;  0.80  gram,  m.  p. 
158°,  was  obtained.  A  strong  odor  of  formaldehyde  was 
noticed  in  the  apparatus.  This  proves  that  benzoyl  carbinol 
dissociates,  by  heat,  in  a  manner  analogous  to  acetol,^  into 
benzaldehyde  and  formaldehyde, 

1  Ann.  Chem.  (Liebig),  335,  260,  265. 

2  Ber.  d.  chem.  Ges.,  15,  2464. 

8  Nef  :  Ann.  Chem.  (I,iebig),  335,  250. 
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CeH,COCH,OH     —     C,H,CHO  +  H,C  :  O. 

Action  of  Benzoyl  Carbinol  on  Copper  Salts. — In  the  cold  the 
first  stage  in  the  action  of  aqueous  copper  acetate  and  copper 
sulphate,  respectively,  on  benzoyl  carbinol  is  the  conversion 
into  benzoylformaldehyde,  as  was  proved  by  special  experi- 
ments ;  in  the  former  case  cuprous  oxide  is  formed  and  in  the 
latter  metallic  copper  is  deposited.  It  is  extremely  probable 
that,  in  both  cases,  there  is  first  an  intermediate  formation  of 
cupric  benzoyl  carbinol,^  and  this,  like  all  salts  of  primary  and 
secondary  alcohols,  has  a  much  lower  dissociation  point  than 
the  corresponding  alcohol ;  consequently  the  following  reaction 
takes  place  : 

(CeHgCOCH^O.Cu  +  2H,0     — 

2CeH5COCH  +  Cu(OH),  +  2H.OH    — 

2C5H5COCH(OH),  -f  2H  +  Cu(OH),. 

The  atomic  hydrogen  thus  formed  then  reduces  the  cupric  salt 
present  either  to  metallic  copper  or  to  the  cuprous  state. 

Benzoyl  Carbinol  and  Cupric  Acetate. — Five  grams  of  benzoy 
carbinol,  dissolved  in  120  cc.  of  warm  water,  were  added  to  a 
solution  of  22  grams  (3  mols.)  of  crystallized  copper  acetate,  in 
350  cc.  of  water  ;  the  temperature  of  the  resulting  solution 
was  at  first  35°  and  cuprous  oxide  began  to  separate  out  al- 
most immediately.  The  mixture  was  allowed  to  attain  room 
temperature  and  was  then  left  standing  for  14  days.  The  pre- 
cipitate of  cuprous  oxide  was  found  to  weigh  3.5  grams  and 
the  aqueous  filtrate  was  extracted  18  times  with  ether.  The 
oily  residue,  obtained  on  evaporating  the  moist  ether  extracts, 
was  freed  from  acetic  and  other  acids  by  digestion  with  water 
and  4  grams  of  calcium  carbonate  ;  the  aqueous  filtrate,  again 
extracted  thoroughly  with  ether,  yielded,  on  evaporation  of  the 
moist  ether  and  on  drying  over  sulphuric  acid  in  vacuo,  3.9 
grams  of  a  neutral,  crystalline,   pungent  smelling  substance, 

1  Nef :  Ann.  Chem.  (I,iebig),  335,  275. 
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melting  at  70°  ;  on  crystallizing  from  water  it  melted  at  78** 
and  remained  unchanged  when  mixed  with  an  equal  amount  of 
V.  Pechmann's^  benzoylformaldehyde  raonohydrate.  The  iden- 
tity of  the  product  obtained  with  benzoylformaldehyde  was 
furthermore  established  by  the  following  tests  : 

a.  One-half  gram,  dissolved  in  40  cc.  of  water,  was  treated 
with  0.2  gram  of  powdered  calcium  hydroxide,  in  the  cold; 
the  solution  turned  yellow  at  once  and  after  standing  12  hours 
gave,  on  acidifying  with  hydrochloric  acid  and  thorough  ex- 
traction with  ether,  0.5  gram  of  r-mandelic  acid,  m.  p.  118°. 5. 

b.  One-half  gram  of  the  aldehyde,  dissolved  in  4  cc.  of  50 
per  cent  alcohol  gave,  on  addition  of  0.05  gram  of  potassium 
cyanide  and  subsequent  addition  of  water,  0.3  gram  of  the 
yellow  benzoin  derivative  of  benzoylformaldehyde, 

CeH,C0CH(0H)C0C0C,H5, 

first  obtained  by  Soderbaum  f  the  melting-point  of  this  prod- 
uct was  found  to  be  180°,  with  previous  darkening  at  176°, 
whereas  Soderbaum  found  170°. 

c.  The  benzoylformaldehyde  obtained  on  treatment  with 
Fehling's  solution  does  not  give  the  slightest  reduction  to 
cuprous  oxide.  This  is  in  harmony  with  v.  Pechmann's  ob- 
servation ;  with  silver  oxide,  on  the  other  hand,  a  reduction 
to  metallic  silver  takes  place  at  higher  temperatures  (see  be- 
low). Since  pure  benzoylformaldehyde  and  benzil  are  with- 
out action  on  Fehling's  solution,  it  is  very  probable  that  other 
pure  orthodicarbonyl  compounds,  such  as  glyoxal,  acetylform- 
aldehyde  and  diketosuccinic  acid,  must  behave  in  a  similar 
manner  towards  this  reagent,  as  it  must  simply  transform  the 
compounds,  by  a  benzilic  acid  rearrangement,  into  the  correspond- 
ing a-hydroxy  acids.  I  therefore  conclude  that  acetylform- 
aldehyde,  which  is  the  perfect  analogue  of  benzoylformalde- 
hyde in  the  fatty  series,  and  which  has  recently  been  isolated 
by  Harries  and  Turk,*  must  have  contained  some  impurity,  as 
the  product  obtained  by  them  is  described  as  reducing  Fehling's 
solution.     Finally,  it  should  be  mentioned  that,  in  addition  to 

1  Ber.  d.  chem.  Ges.,  aa,  2557. 
^Ibid.,  »4,  1381,  3038. 
3  /bid.,  38,  1630. 
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the  main  neutral  reaction  product  obtained  in  the  experiment 
above  described,  the  aqueous  solutions  containing  lime  salts  of 
acids  gave,  when  worked  up  by  the  method  described  below, 
0.15  gram  of  benzoic  acid,  m.  p.  121°,  and  0.35  gram  of  man- 
delic  acid,  m.  p.  118°,  but  no  trace  of  benzoylformic  acid. 

Benzoyl  Carbinol  and  Copper  Sulphate. — No  action  was 
noticed  on  mixing  cold,  aqueous  solutions  of  5  grams  of  ben- 
zoyl carbinol  and  18.2  grams  (2  mols.)  of  crystallized  copper 
sulphate,  the  total  volume  being  400  cc,  but  on  allowing  the 
mixture  to  stand  outdoors  in  the  sunlight,  for  2.5  months,  the 
solution  had  changed  to  dark  green,  the  action  being  accom- 
panied by  a  deposition  of  copper.  It  was  now  warmed  for  6 
hours  at  50°-6o°,  finally,  for  a  short  time,  at  100°,  and  then 
filtered  from  the  copper,  i.io  grams.  The  aqueous  filtrate  was 
extracted  with  ether  and  the  reaction  products  separated  into 
acid  and  neutral  portions,  as  mentioned  above,  by  powdered 
calcium  carbonate.  There  were  obtained,  as  reaction  products, 
2.7  grams  of  beuzoylformaldehyde  monohydrate,  melting  at 
78°,  containing  traces  of  unchanged  carbinol,  and  0.5  gram  of 
r-mandelic  acid,  melting  at  118°. 5,  besides  0.25  gram  of  ben- 
zoic acid. 

The  quantitative  separation  and  determination  of  the  relative 
amounts  of  benzoic,  benzoylformic  and  r-mandelic  acids  formed 
in  the  various  cases  was  always  carried  out  as  follows  :  The 
acid  mixture  was  first  distilled  with  steam,  which  carried  over 
only  benzoic  acid.  The  non-volatile  portion  was  then  treated 
with  phenylhydrazine,  dissolved  in  an  equal  volume  of  50  per 
cent  acetic  acid  and,  after  24  hours'  standing,  benzoylformic 
acid  phenylhydrazone  separated  out  completely.  It  was  puri- 
fied by  dissolving  in  dilute  sodium  carbonate  solution,  repre- 
cipitating  by  dilute  sulphuric  acid  and  crystallizing  from  hot  ben- 
zene.^ From  this  the  amount  of  keto-acid  present  could  be  de- 
termined by  calculation.  The  aqueous  filtrate  from  the 
phenylhydrazone,  containing  only  f-mandelic  acid,  was  worked 
up  for  this  acid  by  thorough  extraction  with  ether  and  subse- 
quent washing  with  dilute  sulphuric  acid.  The  residue,  after 
the  evaporation  of  the  ether,  was  heated  at  100°  (25-30  mm.) 

1  Cf.  Nef :  Ann.  Chem.  (I,iebig),  280,  295. 
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in  order  to  remove  the  acetic  acid.  The  r-mandelic  acid  was 
finally  crystallized  from  a  mixture  of  ether  and  ligroin  (70°- 
80°). 

The  Behavior  of  Benzoylformaldehyde  towards  Copper  Salts  at 
100°. — The  most  striking  property  of  benzoylformaldehyde  is 
its  transformation  into  r-mandelic  acid,  which  takes  place  very 
rapidly  with  all  aqueous  caustic  alkalies,  even  in  the  cold  and 
in  most  dilute  solutions.  This  was  first  observed  by  v.  Pech- 
mann  and  Soderbaum^  and  has  been  repeatedly  confirmed  by 
me. 

The  conversion  of  the  aldehyde  into  r-mandelic  acid  also 
takes  place  by  heating  with  aqueous  solutions  of  various  cop- 
per salts,  as  is  proved  by  what  follows  :  Two  grams  of  ben- 
zoylformaldehyde hydrate  and  2.97  grams  of  crystallized  cop- 
per acetate,  dissolved  in  70  cc.  of  water,  were  boiled  for  i  hour. 
There  was  a  gradual  separation  of  insoluble  greyish-white  crys- 
talline copper  mandelate.'  The  precipitate  was  dissolved  in 
dilute  hydrochloric  acid  and,  on  extracting  well  with  ether  as 
described,  1.7  grams  of  pure  r-mandelic  acid,  m.  p.  118°. 5, 
were  obtained.  A  special  experiment  with  a  solution  of  2 
grams  of  benzoylformaldehyde  and  8. 10  grams  of  copper  ace- 
tate, in  225  cc.  of  water,  proved  that,  on  standing  3  days  at 
ordinary  temperatures,  no  transformation  into  r-mandelic  acid 
had  taken  place.  On  extracting  the  solution  18  times  with 
ether  and  heating  with  calcium  carbonate  in  the  usual  manner, 
1.44  grams  of  aldehyde  were  recovered  unchanged.  A  solu- 
tion of  I  gram  of  benzoylformaldehyde  hydrate  and  1.25  grams 
of  crystallized  copper  sulphate,  in  100  cc.  of  water,  was  heated 
at  130°,  for  7  hours;  0.55  gram  of  bluish-white  copper  man- 
delate  precipitated,  from  which  0.30  gram  of  the  pure  acid  was 
obtained.  The  aqueous  filtrate  yielded  0.5  gram  of  oily  resi- 
due, which  was  proved  to  be  mainly  unchanged  aldehyde  by 
conversion  into  0.40  gram  of  pure  r-mandelic  acid,  by  means 
of  sodium  hydroxide. 

Special  experiments  with  an  aqueous  solution  of  r-mandelic 
acid,  containing  molecular  quantities  of  copper  acetate  or  cop- 

1  Loc.  cit. 

*  Ann.  Chem.  (I^iebig),  i8,  320. 
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per  sulphate,  proved  that  in  both  cases  there  is  practically 
complete  precipitation  of  copper  mandelate  on  warming  on  a 
boiling  water-bath,  acetic  and  sulphuric  acids,  respectively, 
being  thus  set  free. 

Benzoyl  Carbinol  and  Copper  Salts  at  100°. — In  view  of  the 
results  just  presented,  the  following  experiment  with  benzoyl 
carbinol  and  aqueous  copper  acetate  needs  no  further  elucida- 
tion. A  solution  of  5  grams  of  benzoyl  carbinol  and  22  grams 
of  crystallized  copper  acetate  (3  mols.)  dissolved  in  425 
cc.  of  water,  was  heated,  after  standing  12  hours,  first 
at  50°-6o°  and  finally  for  3  hours  at  100°.  The  precipitate, 
which  at  first  consisted  only  of  cuprous  oxide,  gradually  be- 
came covered  with  cupric  mandelate.  The  total  weight  was 
10  grams  and  from  this,  by  treatment  with  dilute  hydrochloric 
acid  and  extraction  with  ether,  4  grams  of  pure  mandelic  acid 
were  obtained.  The  aqueous  filtrate,  acidified  with  dilute  sul- 
phuric acid  and  extracted  with  ether,  etc.,  gave  o.io  gram  of 
benzoic  acid,  melting  at  121°,  0.20  gram  of  r-mandelic  acid, 
melting  at  118°. 5,  and  a  trace  of  benzoylformic  acid. 

Benzoyl  Carbinol  and  Cupric  and  Sodium  Hydroxides. — Ben- 
zoyl carbinol  and  acetol,  respectively,  reduce  Fehling's  solu- 
tion very  rapidly  in  the  cold.  The  quantity  of  oxygen  used  in 
the  oxidation  of  the  acetol  has  been  determined  by  W. 
H.  Perkin,  Jr.,^  and  others,  and  found  to  be  i  atom.  It  is 
practically  certain,  from ,  Zincke's  experiments  with  acetol 
and  benzoyl  carbinol,'  and  from  the  following  one  with  ben- 
zoyl carbinol  that  r-lactic  and  r-mandelic  acids,  respectively, 
are  formed  in  this  oxidation  process.  Furthermore,  the 
oxidation  proceeds  through  an  intermediate  formation  of  acyl- 
formaldehyde,  which  then,  in  the  presence  of  the  strong  caus- 
tic alkali,  immediately  undergoes  a  benzilic  acid  rearrange- 
ment. 

The  benzoyl  carbinol  undoubtedly  forms  a  sodium  or  potas- 
sium salt  with  the  caustic  alkali  present,'  which,  having  a  low 

1  J.  Chem.  Soc,  59,  788. 

a  Loc.  cit.     Cf.  Nef :  Ann.  Chem.  (I,iebig),  335,  273. 
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dissociation  point,  is  relatively  much  dissociated  at  ordinary- 
temperatures  into  benzoyl  methylene, 

/ 
CeHjCOCH.ONa     ZZ       C,H,COCH  +  HONa ; 

the  latter  then  takes  up  the  hydroxy!  ions  present,  giving  ben- 
zoylformaldehyde  hydrate  and  the  atomic  hydrogen  or  kation 
thus  set  free  reduces  the  bivalent  copper  to  cuprous  oxide. 
Since  bromacetophenone  is  also  partially  dissociated  into  ben- 
zoyl methylene  and  hydrogen  bromide, 

/ 
CeH.COCH.Br     ^_^     QH^COCH  +  HBr, 

at  ordinary  temperatures,  it  is  to  be  expected  that  this  sub- 
stance must  give,  with  Fehliug's  solution  as  well  as  with  sodium 
and  cupric  hydroxides,  exactly  the  same  results  as  benzoyl 
carbinol  ;  this  is  proved  by  what  follows  :  Five  grams  of  ben- 
zoyl carbinol,  in  310  cc.  of  water,  were  added  to  a  solution  of 
18.10  grams  (2  mols.)  of  crystallized  copper  sulphate,  in  90  cc. 
of  water.  On  the  addition  of  8  grams  of  sodium  hydroxide  (5 
mols.),  dissolved  in  24  cc.  of  water,  reduction  to  cuprous  oxide 
took  place  at  once,  in  the  cold.  The  mixture  was  finally 
warmed  for  15  minutes  on  a  water-bath,  filtered  and  the  yel- 
low filtrate  evaporated  to  dryness  under  15-20  mm.  pressure 
(bath  100°).  On  acidifying  with  hydrochloric  acid  and  ex- 
tracting 7  times  with  ether,  a  total  of  5.15  grams  of  reaction 
product  was  obtained.  This  gave,  by  working  up  in  the  usual 
manner,  3.70  grams  of  r-mandelic  acid,  melting  at  118°  ;  o.io 
gram  of  pure  benzoic  acid  and  0.25  gram  of  benzoylformic  acid 
(from  0.40  gram  of  the  hydrazone). 

Bromacetophenone  and  Cupric  and  Sodium  Hydroxides. — Five 
grams  of  bromacetophenone,  suspended  in  a  solution  of  12.5 
grams  (2  mols.)  of  crystallized  copper  sulphate,  in  300  cc.  of 
water,  were  treated  with  10  grams  of  sodium  hydroxide  (5 
mols.)  in  100  cc.  of  water.  On  shaking  violently,  reduction  to 
cuprous  oxide  took  place  at  once  and,  after  standing  in  the 
cold  for  24  hours  and  then  working  up  as  in  the  previous  case, 
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I  obtained  2.30  grams  of  pure  mandelic  acid,  besides  i  gram  of 
unchanged  bromacetophenone.  When  this  experiment  was 
repeated  at  100°,  for  8  hours,  only  2.40  grams  of  crude  reac- 
tion products  were  extracted  by  ether,  and  from  this  I  obtained 
0.50  gram  of  benzoic  acid,  0.41  gram  of  mandelic  acid  and  0.25 
gram  of  benzoylformic  acid. 

Benzoyl  Carhinol,  Potassium  Hydroxide  and  Potassium  Ferri- 
cyanide. — Five  grams  of  benzoyl  carbinol,  dissolved  in  300  cc. 
of  water,  were  added  to  a  mixture  of  60.4  grams  of  potassium 
ferricyanide  and  10.4  grams  of  potassium  hydroxide,  in  400  cc. 
of  water,  the  resulting  temperature  being  38°.  After  standing 
12  hours,  the  mixture  was  worked  up  by  acidifying  with  dilute 
sulphuric  acid  and  extracting  6  times  with  ether.  Three  and 
seven-tenths  grams  of  pure  mandelic  acid,  besides  0,30  gram 
of  benzoic  acid,  were  finally  obtained.  A  special  experiment 
with  0.5  gram  of  benzoylformaldehyde  hydrate,  dissolved  in 
25  cc.  of  water  and  18  cc.  of  a  solution  containing  3.25  grams 
of  potassium  ferricyanide  and  0.85  gram  of  potassium  hydrox- 
ide, after  standing  4  hours  in  the  cold,  gave  0.40  gram  =  80 
per  cent  of  the  theoretical  amount  of  pure  mandelic  acid.  It 
is  obvious,  therefore,  without  further  comment,  that  the  reac- 
tions with  benzoyl  carbinol  and  alkaline  copper  and  ferricyan- 
ide solutions  proceed  in  a  perfectly  analogous  manner. 
Finally,  a  special  experiment  with  2  grams  of  mandelic  acid, 
10.80  grams  of  potassium  ferricyanide,  3  grams  of  potassium 
hydroxide,  dissolved  in  150  cc.  of  water,  proved  that,  after 
24  hours'  standing  in  the  cold,  no  oxidation  of  the  acid  had 
taken  place,  as  1.80  grams  were  recovered  unchanged  by  work- 
ing up  in  the  usual  manner. 

Acetophenone,  Potassium  Ferricyanide  and  Potassium  Hydrox- 
ide.— According  to  the  literature,^  acetophenone  gives  benzoyl- 
formic and  benzoic  acids,  by  oxidation  with  the  reagents  just 
named.  These  observations  were  confirmed  and  it  was  proved 
with  special  care  that  no  trace  of  r-mandelic  acid  is  formed  in 
this  case.  This  shows  that  the  oxidation  reactions  with  aceto- 
phenone cannot  possibly  proceed  in  a  manner  analogous  to 
those  of  benzoyl  carbinol  and  bromacetophenone  ;  there  was, 

1  Buchka  and  Irish  :  Ber.  d.  chem.  Ges.,  20,  389. 
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a  priori,  a  possibility  of  this.  Five  grams  of  acetophenone 
were  added  to  a  solution  containing  68  grams  of  potassium 
ferricyanide  (2.5  atoms  of  oxygen),  16  grams  of  potassium  hy- 
droxide and  800  cc.  of  water.  The  reaction  sets  in  at  once,  in 
the  cold  ;  after  36  hours'  standing  and  filtering  from  a  small 
amount  of  yellow,  flocculent  precipitate,  the  solution  was  acid- 
ified with  dilute  sulphuric  acid  and  worked  up  for  acids  by  ex- 
tracting with  ether,  etc.  I  obtained  1.05  grams  of  benzoyl- 
formic  acid,  0.20  gram  of  benzoic  acid,  0.70  gram  of  tar,  but 
no  mandelic  acid. 

Benzoyl  Carbinol  and  Potassium  Permanganate. — A  solution 
of  5  grams  of  benzoyl  carbinol,  in  120  cc.  of  warm  water,  was 
slowly  added  to  7.40  grams  of  potassium  permanganate  (3 
mols. )  dissolved  in  300  cc.  of  water,  which  was  cooled  by  run- 
ning water.  After  3  hours'  standing  the  excess  of  perman- 
ganate was  removed  by  the  addition  of  alcohol  and  the  color- 
less filtrate  worked  as  usual  for  acids.  Three  and  nine-tenths 
grams  of  pure  benzoic  acid,  containing  no  trace  of  mandelic  or 
benzoylformic  acids,  were  obtained.  As  mentioned  in  the  in- 
troduction, the  results  are  quite  different  if  the  oxidation  is 
carried  on  in  the  presence  of  caustic  alkalies.  Five  grams  of 
benzoyl  carbinol,  in  220  cc.  of  water,  were  added,  in  the  cold, 
to  a  solution  containing  11.60  grams  of  potassium  permanga- 
nate (2  mols.)  and  2.94 grams  of  sodium  hydroxide  (2  mols.), 
in  200  cc.  of  water.  After  12  hours'  standing  the  aqueous  fil- 
trate, when  acidified  with  dilute  sulphuric  acid  and  extracted 
with  ether,  gave  5.3  grams  of  crude  acid  material.  This  was 
resolved  into  2.3  grams  of  benzoylformic  acid  and  1.7  grams  of 
benzoic  acid. 

Benzoylformaldehyde  and  Potassium  Permanganate.  —  Two 
grams  of  benzoylformaldehyde,  in  44  cc.  of  water,  and  a  solu- 
tion of  4.16  grams  of  potassium  permanganate  (2  mols.)  in  75 
cc.  of  water,  gave,  after  standing  3  hours  in  the  cold,  1.5 
grams  of  pure  benzoic  acid.  In  an  experiment  using  the  same 
amounts  of  material  as  in  the  one  just  presented,  but  having, 
in  addition,  1.04  grams  of  sodium  hydroxide  (2  mols.)  present, 
0.87  gram  of  benzoylformic  acid  and  1.2  grams  of  benzoic  acid 
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were  obtained.  It  is  obvious  that  the  benzoic  acid  formed  in 
the  experiment  with  permanganate  alone  may  come,  in  the 
case  of  benzoyl  carbinol,  in  part  from  an  oxidation  of  the  dis- 
sociated portions, 

CeH^COCH^OH     ZZ    C.HjCHO  +  CHOH. 

/ 

In  the  presence  of  caustic  alkali,  however,  as  well  as  in  all 
cases  with  benzoylformaldehyde,  this  must  be  formed  exclti^ 
sively  from  the  oxidation  of  the  dissociated  benzoylformalde- 
hyde hydrate  molecules, 

H      \ 
CgHsCOCHO    ZZ    QHjCO  +  CO. 

Regarding  the  formation  of  benzoylformic  acid  in  the  experi- 
ments, it  is  certain  that  this  results  from  an  intermediate 
transformation  of  the  benzoylformaldehyde  by  the  caustic 
alkali  present  into  r-mandelic  acid,  which,  as  will  be  shown  di- 
rectly, must  oxidize  at  once  under  the  conditions  of  the  experi. 
ment  to  benzoylformic  acid. 

The  formation  of  benzoylformic  acid  cannot  possibly  be 
ascribed  to  a  direct  oxidation  of  the  molecular  benzoylform- 
aldehyde, 

CeH^COCHCOH),  +  O    —     C^HsCOCOOH  +  H,0, 

because,  in  that  case,  this  acid  should  have  been  obtained  from 
the  aldehyde  by  aqueous  permanganate  alone  and  without  the 
formation  of  any  benzoic  acid.  Special  experiments  by  Buchka 
and  Irish^  with  potassium  benzoylformate  and  an  excess  of 
permanganate  prove  that  this  acid  is  absolutely  unchanged 
even  after  14  days'  standing,  and  this  fact  was  confirmed. 
The  benzoic  acid,  which  is  formed  exclusively  from  benzoy 
carbinol,  as  well  as  from  benzoylformaldehyde  with  aqueous  per- 
manganate must,  therefore,  come  from  a  burning  of  these 
molecules  in  the  dissociated  condition.  When  caustic  alkali 
is  present  this  is  still  one  of  the  main  results,  but  in  that  case 

'  Ber.  d.  chem.  Ges.,  20,  387.    Cf.  Beilstein  :  Ibid.,  17,  840. 
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there  is  about  an  equal  amount  of  transformation  of  the  ben- 
zoylformaldehyde  into  r-mandelic  acid,  which  is  then  at  once 
further  oxidized. 

The  experiments  of  Nef'  have  shown  very  decisively  that  the 
free  r-lactic  acid  is  dissociated  relatively  more  into  acetalde- 
hyde  and  formic  acid, 

CH3CH(0H)C00H      Zl      CH3CHO  +  HCOOH, 
whereas  the  salts  of  this  acid,  especially  in  the  presence  of 
caustic  alkalies,  which  prevent  hydrolysis  and  admit  of  further 
salt  formation,  are  relatively  more  dissociated   into  water  and 
ethylidenecarboxylic  acid, 

/ 
CH3CH(0H)C00M      :::        CH3(M00C)C  +  H,0. 

This  explains  why  lactic  acid  in  the  free  condition,  or  by  the 
hydrolysis  of  its  salts,  invariably  gives  only  acetic,  formic  and 
carbonic  acids  on  treatment  with  oxidizing  agents,  and  why 
the  lactates,  on  the  other  hand,  by  the  oxidation  of  the  secon- 
dary alcohol  group,  invariably  give  acetylformic  acid  only. 
My  own  experiments  with  the  analogous  r-mandelic  acid  have 
confirmed  in  every  way  these  conclusions  of  Nef  and  show  that 
they  apply,  word  for  word,  in  this  case  also.  Beilstein  has 
shown^  that  r-lactic  acid  with  alkaline  permanganate  solutions 
in  the  cold,  gives  a  large  yield  of  pyruvic  acid.  I  have  found 
that  r-mandelic  acid,  under  similar  conditions,  even  when  a 
great  excess  of  alkaline  potassium  permanganate  is  added, 
gives  benzoylformic  acid  quantitatively.  This  is,  in  fact,  by 
far  the  best  method  for  preparing  benzoylformic  acid.  It  is 
important  to  realize  that  an  excess  of  alkali  should  be  present, 
in  which  case  no  trace  of  benzoic  acid  can  be  formed.  If  free 
mandelic  acid,  or  even  a  mandelate,  be  treated,  in  aqueous 
solution,  with  potassium  permanganate,  there  is  a  chance  for 
formation  of  some  benzoic  acid,  because  free  mandelic  acid, 
formed  by  hydrolysis,  must  be  present  and  this  gives,  by 
oxidation,  benzoic  and  carbonic  acids  only,  because  it  is  disso- 
ciated mainly  according  to  the  scheme 

1  Ann.  Chem.  (I^iebig),  335.  296. 
«  Loc.  cit. 
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CeH,CH(OH)COOH     ZZ     CeH.CHO  +  HCOOH. 

Benzoyl  Carbinol  and  Silver  Oxide. — Three  grams  of  benzoyl 
carbinol,  dissolved  in  300  cc.  of  water,  were  added  to  2.25 
mols.  of  freshly  precipitated  and  well  washed  silver  oxide, 
from  16.8  grams  of  silver  nitrate  ;  no  action  takes  place  until 
the  temperature  is  raised  to  70°.  After  heating  4  hours  on  a 
boiling  water-bath,  during  which  time  a  steady  stream  of  car- 
bon dioxide  was  evolved,  the  reduction  to  silver  was  complete. 
One  and  nine-tenths  grams  of  benzoic  acid,  0.30  gram  of  un- 
changed carbinol  and  10  grams  of  silver  were  the  only  reaction 
products.  In  a  second  experiment,  using  4  grams  of  carbinol, 
silver  oxide  from  20  grams  of  silver  nitrate  (4  mols.),  4.7 
grams  of  sodium  hydroxide  (4  mols)  and  water  (total  volume 
350  cc),  reduction  took  place  rapidly  at  the  ordinary  tempera- 
ture. Pure  benzoic  acid,  3.32  grams  =  92  per  cent  of  the 
theoretical  amount,  and  12.60  grams  of  silver  were  the  only 
products  found. 

Benzoylformaldehyde  and  Silver  Oxide. — One  gram  of  ben- 
zoylformaldehyde  hydrate,  dissolved  in  75  cc.  of  water,  was 
treated  with  1.25  mols.  of  freshly  precipitated  and  well  washed 
silver  oxide,  from  2.52  grams  of  silver  nitrate.  No  action  took 
place  on  standing  over  night.  Therefore  the  mixture  was 
heated  for  3  hours,  at  70°- 100°,  when  a  copious  evolution  of 
carbon  dioxide  was  observed.  There  were  obtained  0.75  gram 
of  pure  benzoic  acid,  92  per  cent  of  the  theory,  silver  and  car- 
bon dioxide,  as  the  only  reaction  products.  On  repeating  the 
experiment,  having,  in  addition,  1.32  grams  of  sodium  hy- 
droxide (2  mols.)  present,  a  reduction  of  silver  took  place  at 
once,  in  the  cold.  Eight-tenths  of  a  gram  of  pure  benzoic 
acid,  1.77  grams  of  silver  and  only  a  few  milligrams  of  r-man- 
delic  acid  were  obtained. 

Mandelic  Acid  and  Silver  Oxide. — In  a  special  experiment 
with  I  gram  of  mandelic  acid,  i  mol.  of  freshly  precipitated 
silver  oxide,  0.53  gram  =  2  mols.  of  sodium  hydroxide  and  50 
cc.  of  water,  it  was  found  that  no  trace  of  reduction  to  silver 
took  place  on  heating  for  6  hours  on  a  boiling  water-bath  ;  the 
acid  was,  furthermore,  recovered  entirely  unchanged.  Two  and 
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eight  tenths  grams  of  pure  silver  mandelate/  dissolved  in  350 
CO.  of  water  and  treated  on  a  boiling  water-bath  for  4  hours,  with 
2  mols.  of  freshly  precipitated  and  well  washed  silver  oxide, 
from  8.10  grams  of  silver  nitrate,  gave,  on  working  up  in  the 
usual  manner,  0.40  gram  of  benzoic  acid,  besides  0.55  gram  of 
unchanged  r-mandelic  acid,  but  no  trace  of  benzoylformic  acid. 
These  results  are  in  harmony  with  the  work  of  Nef^  on  lactic 
acid.  The  observations  prove,  therefore,  with  great  precision, 
that  no  mandelic  acid  can  have  been  formed  as  an  intermediate 
product  in  the  action  of  silver  oxide  alone,  or  in  the  presence 
of  sodium  hydroxide,  on  benzoyl  carbinol  or  benzoylformalde- 
hyde,  respectively. 

Benzoylformic  Acid  and  Silver  Oxide. — Silver  oxide,  in  the 
presence  of  sodium  hydroxide,  is  without  efifect  on  benzoyl- 
formic acid  in  the  cold.  On  heating  to  100°,  however,  reduc- 
tion to  silver  and  a  quantitative  transformation  to  carbonic  and 
benzoic  acids  takes  place.  Thus  a  mixture  of  0.50  gram  of 
benzoylformic  acid,  0,52  gram  of  sodium  hydroxide,  i  mol.  of 
silver  oxide  and  25  cc.  of  water  gave,  on  heating  during  3 
hours,  at  100°,  0.40  gram  of  benzoic  acid. 

One  and  two-tenths  grams  of  silver  benzoylformate,  dis- 
solved in  300  cc.  of  water  containing  1.25  mols.  of  well  washed 
silver  oxide,  remained  unchanged  after  3  hours'  heating  at  30°, 
but,  on  heating  at  100°,  carbon  dioxide  began  to  be  evolved 
and,  after  3  hours'  heating,  0.50  gram  of  pure  benzoic  acid  was 
obtained  as  a  reaction  product. 

These  experiments  prove  that  benzoylformic  acid  cannot 
have  been  formed  as  an  intermediate  product  in  the  action  of 
silver  oxide  aloue,  or  in  the  presence  of  caustic  alkalies,  on 
benzoyl  carbinol  or  benzoylformaldehyde  ;  it  is  certain,  there- 
fore, that  the  benzoic  and  carbonic  acids  obtained  in  these 
cases  result  from  a  direct  oxidation  of  the  dissociation  products 
of  benzoylformaldehyde, 

CeH.COCHO      ^      C.HjCHO  +      CO, 

1  Winckler  :  Ann.  Chem.  (Liebig),  i8,  310. 
^  Ibid.,  335,  277,297.315- 
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which,  in  these  instances,  cannot  recombine  to  form  r-mandelic 
acid  because  their  speed  of  oxidation  must  be  far  more  rapid 
than  the  velocity  of  the  benzilic  acid  rearrangement. 

The  corresponding  experiments,  using  freshly  precipitated 
mercuric  oxide  in  place  of  silver  oxide,  lead  to  exactly  the 
same  conclusions  ;  they  are,  therefore,  simply  mentioned  here 
without  further  comment. 

Benzoyl  Carbinol  and  Mercuric  Oxide. — Five  grams  of  ben- 
zoyl carbinol,  dissolved  in  350  cc.  of  water,  were  treated  with 
an  emulsion  of  freshly  precipitated  mercuric  oxide,  from  22 
grams  of  mercuric  chloride,  in  200  cc.  of  water.  No -action 
took  place  in  the  cold,  but  on  heating  for  9  hours  on  a  water- 
bath,  much  carbon  dioxide  was  evolved.  Pure  benzoic  acid, 
3.75  grams  =  83  per  cent  of  the  theoretical,  besides  0.35  gram 
of  unchanged  carbinol  were  obtained  as  reaction  products.  In 
a  second  experiment,  using  the  same  amounts  of  material,  but 
adding  also  a  solution  of  6  grams  of  sodium  hydroxide  in  50 
cc.  of  water,  reduction  to  mercury  took  place  at  once,  in  the  cold  ; 
after  12  hours'  standing,  4.10  grams  of  pure  benzoic  acid  = 
91.3  per  cent  of  the  theory,  were  obtained. 

Benzoyl  formaldehyde  and  Mercuric  Oxide. — One  gram  of 
benzoylformaldehyde  hydrate,  dissolved  in  75  cc.  of  water,  was 
treated  with  i  .25  mols.  of  freshly  precipitated  mercuric  oxide 
and  thereupon  a  solution  of  0.52  gram  of  sodium  hydroxide  (2 
mols.)  in  25  cc.  of  water  were  added.  Reduction  took  place  at 
once,  in  the  cold  and,  after  12  hours'  standing,  0.85  gram 
(theory  0.88  gram)  of  pure  benzoic  acid  was  obtained,  but  no 
trace  of  mandelic  acid. 

A  special  experiment  with  2  grams  of  mandelic  acid,  i  mol. 
of  precipitated  mercuric  oxide  and  1.60  grams  of  sodium  hy- 
droxide, in  50  cc.  of  water,  proved  that  no  reduction  to  mer- 
cury took  place,  even  on  heating  2.5  hours  on  a  water-bath  ; 
1.90  grams  of  mandelic  acid  were  subsequently  recovered  un- 
changed. Finally,  it  should  be  emphasized,  that  my  results 
with  mercuric  oxide  and  benzoyl  carbinol  are  in  accord  with 
the  corresponding  ones  obtained  by  Nef  with  acetol.^     Kling* 

1  Ann.  Chem.  (I«iebig),  335,  276. 
«  Bull.  Soc.  Chim.,  [3],  33,  i,  34,  49. 
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states  that  acetol  is  converted  by  mercuric  hydroxide  quantita- 
tively into  lactic  acid  ;  this  is  obviously  a  mistake. 

On  the  Behavior  of  Benzoyl  Carhinol,  Benzoylformaldehyde, 
Mandelic  Acid  and  Benzoylformic  Acid  towards  Chromic  and 
Dilute  Sulphuric  Acids. — The  following  quantitative  experi- 
ments, which  show  that  these  substances  give  benzoic  and 
carbonic  acids  only,  on  oxidation  in  the  cold  with  chromic  acid 
in  dilute  sulphuric  acid  solution,  are  simply  recorded  here  ; 
they  require  no  further  elucidation  : 

a.  A  mixture  of  5  grams  of  benzoyl  carbinol,  8.10  grams  of 
potassium  dichromate  (2.25  atoms  of  oxygen),  10.8  grams  of 
sulphuric  acid  and  400  grams  of  water  gave,  after  standing  2 
days  in  the  cold,  2.10  grams  of  benzoic  acid  and  1.70  grams  of 
unchanged  carbinol. 

h.  One-half  gram  of  benzoylformaldehyde  hydrate,  0.74 
gram  of  potassium  dichromate,  0.97  gram  of  sulphuric  acid 
and  70  cc.  of  water  gave,  after  2  days'  standing  in  the  cold, 
0.44  gram  of  pure  benzoic  acid. 

c.  One  gram  of  mandelic  acid,  1.46  grams  of  potassium  di- 
chromate, 5.76  grams  of  sulphuric  acid  and  70  cc.  of  water 
gave,  on  standing  24  hours  in  the  cold,  0.75  gram  of  benzoic 
acid. 

d.  One-half  gram  of  benzoylformic  acid,  0.41  gram  of  potas- 
sium dichromate,  0.60  gram  of  sulphuric  acid  and  50  cc,  of 
water  gave,  on  standing  over  night  in  the  cold,  0.40  gram  of 
benzoic  acid. 

PART  II. 

ON  THE    BEHAVIOR    OP    BENZOYL   CARBINOL  TOWARDS    ALKA- 
LIES ;    A  REVISION  OF  PAAL  AND  SCHULZE'S  WORK  ON 
THE  a-  AND  /3-HALOGEN  DIPHENACYLS. 

On  treatment  of  acetol,  with  caustic  alkalies,  under  the  most 
varied  conditions,  Nef  never  obtained  a  trace  of  f-lactic  acid 
but  mainly  neutral,  deep  red  colored  resins  which  were  con- 
sidered by  him  to  be  polymerized  acetylmethylene  resin. ^ 
Benzoyl  carbinol  behaves  in  an  entirely  similar  manner  towards 
caustic  alkalies,  as   well  as  towards  alcoholic  potassium  hy- 

1  Ann.  Chem.  (I,iebig),  335,  278. 
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droxide  and  sodium  ethylate.  A  small  quantity  of  benzoic  acid, 
entirely  free  from  traces  of  r-mandelic  acid,  is  invariably  formed  ; 
the  main  reaction  products,  however,  consist  of  dark  yellow,  non- 
volatile resins,  in  which  no  trace  of  cis-  or  ^rawj'-dibenzoylethy- 
lene,^  but  at  times  traces  of  ^ran^-tribenzoylcyclotrimethylene, 
melting  at  295",^  were  found.  The  resins  obtained  could,  more- 
over, never  be  converted  into  solids  or  into  crystalline  deriva- 
tives. 

Since  the  monohalogenated  acetophenones  give,  on  treat- 
ment with  various  reagents,  such  as  sodium  acetoacetic  ether, 
ammonia  and,  especially,  with  alcoholic  potassium  hydroxide  or 
sodium  ethylate  (one-half  mol.)  large  quantities  of  so-called 
space  isomeric  a-  and  y5-halogen  diphenacyls,'  it  was  thought 
possible  that  oxyacetophenone  might,  on  similar  treatment,  first 
give  the  corresponding  space  isomeric  a-  and  /?-oxydiphenacyls  ; 
consequently,  attempts  were  made  to  obtain  these  products  first 
by  synthesis  directly  from  the  so-called  a-  and  yS-bromdiphen- 
acyls.  Paal  and  Schulze  have  made  an  especially  exhaustive 
study  of  these  two  compounds.*  They  find  that  they  are 
totally  different  from  the  real  y-bromdiphenacyl, 

C^HsCOCH  BrCH.COC^Hs, 

obtained  from  cis-  and  fm?w-dibenzoylethylene  and  hydrogen 
bromide.  In  view  of  the  fact  that  their  products  give,  by  re- 
duction, small  amounts  of  diphenacyl  or  its  corresponding 
glycol, 

CeH5CH(OH)CH,CH,CH(OH)C«H5, 

and  because  a  fourth  isomeric,  so-called  8-halogen  diphenacyl 
was  isolated,  Paal  and  Schulze  give  to  their  a-  and  /8-com- 
pound  the  following  dienol  formula, 

CgH^CCOH)  :  CBrCH  :  C(0H)CeH5, 

which  is,  obviously,  capable  of  giving  four  different  space  iso- 
mers. 

1  Ber.  d.  chem.  Ges.,  33,  3784  ;  35,  168. 
*  Paal  and  Schulze  :  Ibid.,  36,  2425. 

3  Fritz  :  Ibid.,  28,  3028.  Paal  and  his  students  :  Ibid.,  19,  3146  ;  aa,  3225  ;  a8,  2102  ; 
ap,  2092  ;  3a,  530  ;  36,  2405. 

■•  Ber.  d.  chem.  Ges.,  36,  2386,  2405,  2415,  2425. 
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Further  consideration  shows,  however,  a  great  many  serious 
objections  to  the  formulae  proposed  by  Paal  and  Schulze  for 
their  a-,  ^-  and  8-compounds.  It  is  noteworthy,  (i)  that  they 
were  never  able  to  prove  the  presence  of  hydroxyl  groups  in 
their  substances  ;  (2)  the  compounds  do  not  go  over  into  fur- 
furan  derivatives  by  loss  of  water  ;  (3)  the  a-  and  /8-com- 
pounds have  never  been  converted  into  the  real  y-bromdiphen- 
acyl,  or  vice  versa,  nor  into  one  of  the  space  isomeric  diben- 
zoylethylenes. 

On  the  other  hand,  the  real  y-halogen  diphenacyls  go  over 
quantitatively,  even  on  standing,  and  especially  on  heating 
with  sodium  acetate  and  acetic  acid,  into  trans-dihenzoyl- 
ethylene. 

In  the  present  state  of  our  knowledge  there  are,  moreover, 
two  other  possible  interpretations'  of  the  reaction  between 
bromacetophenone  and  sodium  ethylate. 

I.  The  benzoylmethylene,  resulting  from  the  dissociation  of 
bromacetophenone,  may  react  by  alkylation  with  unchanged 
bromacetophenone  in  the  enol  form,  and  thus  give  rise  to  two 
space  isomeric  cis-  and  /ran,y-a-phenacyloxy-<o-bromstyrols  : 

/  BrCH  HCBr 

2C,H5COCH  +         ••  +  ••  — 

\       HOCCeH,        HOCCeH, 

BrCH  HCBr     . 

+ 
C.H^COCH.OCC.H,       CeH.COCH.OCC.Hs 
a.s-Modification  or  so-         ^ra«5-Modification  or  so- 
called  a-bromdiphen-  called  ^-bromdiphen- 
acyl.  acyl. 

II.  The  benzoylmethylene  might  react  with  the  active  keto- 
bromacetophenone  molecules  present, 

— O 

/  I 

CeH,COCH  +  --C(C,H,)CH,Br 

giving,  by  addition,^  a  glycid  derivative, 

J  Cf.  Nef :  Ann.  Chem.  (Liebig),  310,  316 ;  335,  252,  261. 
Cf.  Nef  :  Ibid.,  335,  274.    Foot-note. 
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CeHjCOCH/ — \C(CeHJCH,Br, 

which  can  exist  in  two  space  isomeric  modifications.  Profes- 
sor Nef  informs  me  that  he  believes  the  recent  work  of  Claisen^ 
and  Darzens^  on  the  conversion  of  ketones  and  some  alde- 
hydes into  glycid  derivatives  by  means  of  chloracetic  ether,  in 
the  presence  of  sodium  ethylate  or  sodamide,  can  only  be 
rationally  interpreted  on  this  basis,'  i.  e.,  the  methylenecar- 
boxylate,  present  as  a  product  of  dissociation  of  chloracetic 
ether,  simply  unites  with  the  various  active  ketone  or  aldehyde 
molecules  present  thus : 

X                  I                                          /% 
ROOCCH  +       — CR.R'      —     ROOCCH^ ^CR.R'. 

\ 

Interpretation  II.  cannot,  however,  possibly  apply  to  the  a- 
and  )8-halogendiphenacyl  derivatives  under  consideration,  be- 
cause there  is  absolutely  nothing  known  in  their  behavior 
justifying  the  presence  of  a  glycid  group.  Consequently,  we 
are  forced  to  turn  back  to  interpretation  I,  On  looking  over 
the  work  of  Paal  and  Schulze  on  oc-  and  )8-bromdiphenacyl,  it 
is  noteworthy  that  one  finds  there  a  great  deal  of  evidence  in 
favor  of  the  new  formulae  given  under  I.  for  these  compounds — 
as,  for  instance,  the  absence  of  hydroxy!  groups,  the  impossi- 
bility of  converting  these  compounds  into  the  real  y-bromdi- 
phenacyl  and  vice  versa,  or  into  dibenzoylethylene  or  furfuran 
derivatives. 

The  most  striking  observation,  repeatedly  made,  is  the  fact 
that  a-  and  ^-bromdiphenacyl,  on  treatment  with  dry  halogen 
hydrides,  in  acetic  acid  solution,  at  the  ordinary  temperature, 
give  a  strong  odor  of  bromacetophenone  !  If  the  so-called  a- 
and  /3-bromdiphenacyls  have  the  constitution  assigned  to  them 

1  Ber.  d.  chem.  Ges.,  38,  693. 

2  Centrabl.,   1905,  I,  p.  346. 

»  A  similar  interpretation  obviously  applies  to  the  formation  of  the  product 
O  O 

/x        /\ 

(CH3)2NC6H4N CHCH NC6H4N(CH3)2, 

obtained  recently  by  Torrey  from  ^-nitrosodimethylaniline  and  ethyl  bromide.  This 
JOURNAL,  34.475(1905)- 
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above  under  I.  they,  or  their  addition  products,  must  be  re- 
solved, quantitatively,  in  the  cold,  by  dry  hydrogen  bromide, 
either  into  equal  molecules  of  bromacetophenone  and  w-dibrom- 
phenylmethylcarbinol,  CgH5CH(0H)CHBr„  or  into  2  mols.  of 
bromacetophenone.  I  propose,  therefore,  to  carry  out  experi- 
ments in  this  direction  at  once.  I  have  found,  moreover,  that 
a-  and  j8-bromdiphenacyls  give,  on  treatment  with  fused  sodium 
acetate  in  acetic  acid  solution,  at  100°,  66-68  per  cent  of  the 
theoretical  amounts,  viz.,  2  mols.  of  benzoyl  carbinol  acetate 
(see  below).  The  isomeric  a-  and  ^-acetoxydiphenacyls,  as 
well  as  the  /8-oxydiphenacyl,  also  give  a  large  yield  of  benzoyl 
carbinol  acetate  on  similar  treatment.  These  results  are  self- 
evident  on  the  basis  of  the  new  formulae  for  the  compounds, 
but  cannot  be  understood  on  the  basis  of  those  of  Paal  and 
Schulze.  It  should  be  remembered  that  the  real,  so-called 
y-bromdiphenacyl  gives,  quantitatively,  on  treatment  with  so- 
dium acetate  and  acetic  acid,  ^ranj'-dibenzoylethylene.  The  only 
observation  which  points  in  any  way  towards  the  old  formulae 
is  the  conversion  of  a-  and  /S-bromdiphenacyl,  by  reduction  with 
zinc  dust  and  alcohol,  into  diphenacyl.  This  experiment  was, 
therefore,  repeated  with  the  following  result :  Only  a  very 
small  amount,  about  10  per  cent,  of  diphenacyl  and  about  an 
equal  quantity  of  acetophenone  are  formed.  The  main  reac- 
tion product  is  a  non-volatile  oil — probably  a-phenacyloxy- 
styrol,  CH, :  C(C6H5)OCH2COCgH„  which  at  present  is  being 
further  investigated.  The  formation  of  small  quantities  of  di- 
phenacyl in  the  above  experiment  is  not  difficult  to  under- 
stand on  the  basis  of  the  new  formulae  ;  one  has  only  to  remem- 
ber that  Claisen's  analogous  O-ethylacetophenone,^ 

CH,  :  C(C,H,)OC,H„ 

undergoes  rearrangement  by  heat  (for  the  explanation,  vide 
Nef ')  into  C-ethylacetophenone,  CgHgCOCH^C.Hj.  Further- 
more, I  have  found  that  a  mixture  containing  acetophenone 
and  bromacetophenone,  when  heated  in  a  sealed  tube  at  100°, 
with  10  per  cent  aqueous  sodium  hydroxide  gives,  among  other 

1  Ber.  d.  chem.  Ges.,  29,  2931. 

2  Ann.  Chem.  (Liebig),  298.  372  ;  310,  316. 
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products,  a  very  fair  yield  of  diphenacyl — i.  e.,  an  alkylation  of 
acetophenone  by  benzoylmethylene^  takes  place.  It  is,  there- 
fore, exceedingly  probable  that  the  small  amount  of  diphen- 
acyl obtained  by  Paal  and  Fritz  in  their  experiments  was 
formed  in  some  such  manner. 

Finally,  I  consider  the  existence  of  the  fourth  so-called 
8-ioddiphenacyl  of  Paal  and  Schulze  as  extremely  doubtful ;  I 
think  that  it  consists  simply  of  the  pure  /5-isomer;  as  has 
been  shown  by  Paal  and  Schulze,  it  certainly  gives  exactly  the 
same  reactions  and  derivatives  as  the  so-called  )3-compound 
and  possesses,  practically,  the  same  crystalline  form.^ 

Although,  in  view  of  what  has  just  been  presented,  I  con- 
sider the  formulae  of  Paal  and  Schulze  as  practically  untena- 
ble, I  still  use,  in  the  following  experimental  part,  their 
nomenclature  for  the  a-  and  )8-substituted  diphenacyl  deriva- 
tives. It  is  my  intention  to  continue  the  study  of  these  deriva- 
tives and  to  include  also  a  study  of  the  corresponding  com- 
pounds in  the  aliphatic  series. 

The  Conversion  of  a-  and  /3-Bromdiphenacyl  into  Two  Mole- 
cules of  Benzoyl  Carhinol  Acetate. — On  treating  bromacetophe- 
none  with  0.5  mol.  of  alcoholic  sodium  ethylate  and  allowing 
the  mixture  to  stand  at  0°  for  2  days,  I  obtained  about  equal 
quantities  of  a-  and  /8-bromdiphenacyl  ;'  these  were  separated 
according  to  the  directions  of  Paal,   by  means  of  cold  benzene. 

A  solution  of  1.55  grams  (2  mols.)  of  fused  sodium  acetate, 
in  12  grams  of  glacial  acetic  acid,  was  cooled  to  30°,  3  grams 
of  /S-bromdiphenacyl  were  added  and  the  mixture  heated  for  6 
hours,  under  a  reversed  condenser,  in  an  oil-bath  which  was 
kept  at  i2o°-i3o°.  On  pouring  the  dark  red  mixture  into 
water,  extracting  with  ether  and  washing  with  sodium  carbon- 
ate solution,  3. 10  grams  of  a  dark  brown  oil  were  obtained.  On 
distillation  this  gave  2,30  grams  of  pure  benzoyl  carbinol  ace- 
tate, melting  at  49°-50°  and  boiling  at  i6o°-i63°  ( 18-20 mm.); 
this  corresponds  to  68  per  cent  of  the  theoretical  amount.     The 

»  Cf .  Nef  :  Ann.  Chem.  (Liebig),  310,  316. 

*  Ber.  d.  chem.  Ges.,  36,  2411-2413. 

*  Cf.  Fritz  :  Ibid.,  28,  3028.    Also  Paal  and  Dcmeler  :  Ibid.,  ap,  2092. 
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product  was  further  identified  by  its  conversion  by  boiling 
water  (vide Fart  I.)  into  benzoyl  carbinol,  melting  at  86°. 

A  similar  experiment  with  3  grams  of  a-bromdiphenacyl, 
under  practically  the  same  conditions  as  in  that  just  described, 
gave  0.50  gram  of  a  reddish,  non-volatile  tar  and  2.20  grams  of 
pure  benzoyl  carbinol  acetate,  or  65.3  per  cent  of  the  theory. 

The  Conversion  of  a-  and  ^-Acetoxydiphenacyl  into  Benzoyl 
Carbinol  Acetate. — Paal  and  Schulze  obtained  )8-acetoxydiphen- 
acyl,  melting  at  98°,  from  the  /8-brom-or  iodo-,  as  well  as  from 
the  S-ioddiphenacyl,  on  boiling  with  silver  acetate  and  glacial 
acetic  acid  ;^  this  compound  can  be  best  obtained,  as  I  have 
found,  by  heating  a  mixture  of  4  grams  of  /8-bromdiphenacyl, 
3.82  grams  of  potassium  acetate  and  40  cc.  of  absolute  alcohol, 
for  3  hours,  in  a  sealed  tube,  at  100°.  An  odor  of  acetic 
ether  was  noticed  on  opening  the  tube,  and,  on  adding  water, 
extracting  with  ether  and  crystallizing  from  ether-ligroin,  2.65 
grams  of  pure  product,  71  per  cent  of  the  theory,  were  ob- 
tained. Two  grams  of  this  were  heated  in  a  bath,  at  120°- 
130°,  for  5  hours,  with  a  solution  of  1.04  grams  of  fused  sodium 
acetate  and  5  grams  of  glacial  acetic  acid.  On  working  up  as 
in  the  previous  cases,  0.88  gram  of  non- volatile  tar  and  0.90 
gram  of  pure  benzoyl  carbinol  acetate, boiling  at  153°  (12  mm.) 
and  melting  at  49°-50°,  were  obtained  ;  this  is  37  per  cent  of 
the  theoretical  amount. 

According  to  Paal  and  Schulze,  the  a-bromdiphenacyl  does 
not  give  the  corresponding  a-acetoxydiphenacyl  on  boiling  with 
silver  acetate  and  acetic  acid  ;  two  isomeric,  high-melting  com- 
pounds, (CgHgO^)^,  which  they  call  bisanhydrooxydiphenacyl, 
or  tetrabenzoyltetramethylene,  were  obtained.^  Such  a  com- 
pound, (CgHgOJ^,  could,  naturally,  also  be  formed  from  the 
cw-w-brom-a-phenacyloxystyrol, 

BrCH 

CeH^COCH.OCCeH,' 

by  simple  loss  of  hydrogen  bromide,  and  this  is  the  main  rea- 
son for  assigning  the  cw-formula  to  the  a-bromdiphenacyl,  as 

1  Ber.  d  chem.  Ges.,  36,  2416. 
^  Ibid.,  36,  2416. 
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above.  I  have,  however,  succeeded  in  obtaining  totally  differ- 
ent results  by  the  action  of  alcoholic  potassium  acetate,  3,38 
grams,  on  3.75  grams  of  cf-bromdiphenacyl,  in  a  sealed  tube, 
at  100°.  Three  and  three-tenths  grams  of  a  thick,  yellow  oil 
were  obtained,  which  I  believe  to  be  the  crude  a-acetoxydi- 
phenacyl ;  it  could  not  be  obtained  in  a  solid  condition,  but 
2  grams  of  it,  heated  with  sodium  acetate  and  acetic  acid,  un- 
der exactly  the  same  conditions  as  the  y3-acetate  just  described, 
gave  0.75  gram  of  non-distillable  tar  and  0.95  gram  of  pure 
distilled  benzoyl  carbinol  acetate  ;  this  corresponds  to  39.6  per 
cent  of  the  theory. 

j3-0xydiphenacyl. — On  saponification  of  the  yS-acetoxydiphen- 
acyl  with  alcoholic  potassium  hydroxide,  Paal  and  Schulze  ob- 
tained a  yellow  oil  which,  by  treatment  with  sodium  acetate  and 
acetic  anhydride,  was  converted  back  again  into  the  original  ace- 
tate ;  it  must,  therefore,  have  contained  oxydiphenacyl.  I  have 
succeeded  in  obtaining  /3-oxydiphenacyl  in  the  crystalline  form  ; 
it  is  formed,  besides  an  oily  substance,  not  only  from  )8-brom- 
diphenacyl,  but  also,  probably  by  rearrangement  into  the 
/8-space  isomer,  in  smaller  amounts  (22  per  cent  yield)  from 
a-bromdiphenacyl,  by  heating  2  grams  of  these  compounds  in 
20  cc.  of  a  methyl  alcoholic  solution  of  1.5  mols.  of  potassium 
formate,^  in  sealed  tubes,  for  6  hours,  at  100°.  In  the  case  of 
the  )8-isomer  0.95  gram  of  pure  /^-oxydiphenacyl  was  obtained, 
or  59  per  cent  of  the  theory  ;  as  the  substance  is  very  diflS- 
cultly  soluble  in  cold  benzene  and  ether,  it  could  readily  be 
freed  from  a  small  amount,  0.65  gram,  of  the  oily  product. 
Crystallization  from  hot  benzene  gave  microscopic  needles  of 
^-oxydiphenacyl,  melting  at  175°-! 78°.  In  the  a-series  0.35 
gram  of  the  /8-oxy  compound  and  1.25  grams  of  yellow  oil 
were  obtained.     Analysis  of  the  crystaUine  product : 

0.1874  gram  substance  gave  0.5204  gram  COj;  and  0.0984 
gram  HjO. 

Calculated  for 

C18H14O3.  Found. 

C  75-59  75-72 

H  5-51  5-83 

1  Nef  :  Ann.  Chem.  (Liebig),  335,  260,  265. 
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A  mixture  of  i  gram  of  ^-oxydiphenacyl,  0.64  gram  of 
fused  sodium  acetate  .and  7.10  grams  of  glacial  acetic  acid, 
heated  in  an  oil-bath,  at  130°,  for  6  hours,  gave  0.40  gram  of 
pure  distilled  benzoylcarbinol  acetate  and  0.30  gram  of  non- 
volatile tar.  It  should  be  emphasized,  in  this  connection,  that 
benzoyl  carbinol  itself,  on  heating  under  the  same  conditions 
with  sodium  acetate  and  acetic  acid,  remains  entirely  un- 
changed. 

One  and  one-half  grams  of  )8-oxydiphenacyl,  heated  for  6 
hours,  at  130°,  with  6  grams  of  acetic  anhydride,  gave  0.6  gram 
of  )8-acetoxydiphenacyl,  melting  at  98^-98°. 5. 

The  question  now  arises  whether  any  /3-oxydiphenacyl  is 
formed  by  the  action  of  caustic  alkalies  on  oxyacetophenone 
according  to  the  equation, 

\ 
HOCH  :  C(C6H5)OH  +      CHCOCeHj  +  H,0     —- 

Enol  modification  of  Dissociated  benzoyl 

benzoyl  carbinol.  carbinol. 

HOCH  :  C(CeH3)0CH,C0C,H.. 

I  can  simply  state  here  that  none  was  found  ;  it  is,  however, 
exceedingly  probable  that  a  compound  of  this  constitution 
must,  under  the  conditions  employed,  take  up  water  to  form 
the  isomeric  aldehyde, 

HCOCHCCeHJOCH.COCgHj, 

and  this,  by  loss  of  water,  can  easily  go  over  into  a  condensa- 
tion product.  Interpreted  on  this  basis,  the  condensation 
product,  CjHgOj,  obtained  by  Peratoner  and  Leonardi,^  from 
acetol  and  aqueous  barium  hydroxide,  must  possess  the  con- 
stitution, 

CH.CHOCH,. 

I  >C0; 

CH  :  CH/ 

i.  e.,  it  must  be  i-methyl-4-keto-A'^-dehydrohexone,  being 
formed  from  j8-acetonyl-a,)8-dihydroxypropylene, 

HOCH  :  CCCHJOCH.COCH,, 

'  Gazz.  chim.  ital.,  30,  i,  577. 
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or  the  corresponding  aldehyde,  by  loss  of  water.  This  corre- 
sponds, in  general,  very  closely  to  the  formula, 

CHgCCH.O 

II  I       . 

HCCOCH, 

2-methyl-4-keto-A^-dehydrohexone,  assigned  to  it  by  Pera- 
toner  and  Leonardi,  and  explains  all  the  known  reactions  of 
the  compound  equally  well.  In  view  of  this,  I  am  encour- 
aged to  study  still  further  the  yellow  tars  obtained  by  the  ac- 
tion of  caustic  alkalies  on  acetol  and  benzoyl  carbinol,  respec- 
tively. 

On  the  Redtiction  of  ^-Bromdiphenacylhy  Zinc  Dust  and  Alco- 
hol.— On  treatment  of  )8-bromdiphenacyl  with  these  reagents, 
V.  Fritz^  obtained  small  quantities  of  diphenacyl  and  aceto- 
phenone  ;  this  observation  was  confirmed  by  Paal  and  Demeler,* 
who  state  that,  in  addition,  a  large  amount  of  non-volatile  oil 
is  formed.  I  have  repeated  this  experiment  with  8  grams  of 
material,  40  grams  of  zinc  dust  and  100  cc.  of  ethyl  alcohol, 
heating  2.5  hours  on  a  boiling  water-bath.  Five  and  one-tenth 
grams  of  crude  reaction  product  were  obtained  on  filtering, 
adding  water  and  extracting  with  ether.  The  acetophenone 
was  removed  by  heating  in  a  bath  up  to  160°  (18  mm.)  ;  only 
0.5  gram  was  thus  obtained  and  identified  by  conversion  into 
the  phenylhydrazone.^  Three-tenths  gram  of  diphenacyl, 
melting  at  i40°-i42°,  and  converted  into  the  characteristic  di- 
oxime,*  melting  at  202,  were  obtained  from  the  oil  left  on  add- 
ing a  small  amount  of  alcohol  and  stirring.  The  remainder, 
4.30  grams,  and,  therefore,  the  main  reaction  product,  consisted 
of  a  thick,  non-volatile  oil,  whose  study  is  to  be  continued.  It 
is,  in  all  probability,  a-phenacyloxystyrol, 

CH,  :  C(CeH,)OCH,COC,H„ 

isomeric  with  diphenacyl  and,  therefore,  formed  by  a  direct  re- 
duction of  j8-bromdiphenacyl. 

1  Ber.  d.  chem.  Ges.,  a8,  3033. 

2  Ibid.,  29,  2096. 

*  Bischler  :  Ibid.,  i6>  662. 

*  Paal  and  Kapf :  Ibid.,  ai,  3057. 
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In  conclusion,  I  wish  to  acknowledge  my  deep  sense  of 
gratitude  to  Professor  Nef  for  his  inspiring  and  careful  guid- 
ance of  this  work. 


THE    GERMICIDAL    ACTION    OF    POTASSIUM    PER- 
MANGANATE. 

By  James  B.  Garner  and  Walter  E.  King.  ' 
INTRODUCTORY  PAPER. 

The  use  of  solutions  of  potassium  permanganate  as  a  disin- 
fecting agent  has  been  extensive  and  popular,  from  the  stand- 
point of  both  efficiency  and  economy.  Accurate  details  regard- 
ing the  antiseptic  and  germicidal  action  of  potassium  perman- 
ganate upon  B.  typhosus  seem  to  be  lacking.  Jager's  and  Mi- 
quel's^  statements  are  only  approximate  ones.  Jager  says  that 
a  5  per  cent  solution  (approximately  N/i.6)  of  potassium  per- 
manganate is  a  germicide  to  all  pathogenic  organisms,  except- 
ing tubercle  bacillus,  and  that  a  i  per  cent  solution  (approxi- 
mately N/0.32)  is  not  reliable  for  the  destruction  of  these  same 
organisms.  According  to  Miquel,  potassium  permanganate  is 
an  antiseptic  in  the  proportion  of  i  :  285  (approximately 
N/0.091). 

Our  preliminary  experiments,  made  upon  a  pure  24-hour 
bouillon  culture  of  bacillus  typhosus,  with  dilute  solu- 
tions of  potassium  permanganate,  lead  us  to  believe  that 
the  reagent  is  antiseptic  and  germicidal  in  less  quantities  than 
those  given  by  Miquel  and  Jager.  The  results  of  these  pre- 
liminary experiments,  therefore,  occasioned  the  work  of  this 
introductory  paper  on  the  general  subject  of  the  germicidal 
action  of  potassium  permanganate.  We  purpose  to  study 
closely  the  action  of  solutions  of  this  reagent  upon  all  of  the 
common  pathogenic  organisms. 

Methods. 

In  conducting  the  experiments  all  apparatus,  including 
pipettes,  burettes,  test  tubes,  flasks,  graduates,  etc.,  was  ster- 
ilized and   all  possible   precautions  were  observed   to   avoid 

1  "Sternberg's  Bacteriology,"  p.  i86. 
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contamination.  One-half  liter  quantities  of  sterile,  distilled 
water,  in  sterile  glass  flasks,  were  used  in  the  8  series.  Each 
series  consisted  of  2  flasks  of  sterile  water,  to  each  of  which  i 
cc.  of  a  pure,  24-hour  bouillon  culture  of  B.  typhosus  was  added, 
thus  affording  a  means  of  checking  results.  Varying  volumes 
of  N/6000,  N/4000,  N/iooo  and  N/io  solutions  of  potassium 
permanganate  were  added  to  the  several  flasks  containing  the 
water  and  culture.  The  mixtures  were  incubated  and,  after 
varying  periods  of  incubation,  the  ordinary  methods  were  fol- 
lowed to  determine  the  presence  or  absence  of  organisms. 

EXPERIMENTAL  PART. 

In  each  of  the  2  flasks  of  the  8  series  given  below,  500  cc.  of 
sterile,  distilled  water  were  used,  varying  amounts  of  potas. 
sium  permanganate  solutions  were  added,  as  indicated  for  the 
different  series,  then  i  cc.  of  a  pure  24-hour  bouillon  culture 
of  B.  typhosus,  excepting  in  Series  V.  The  temperature  of  the 
incubation  was  37°. 4  and  the  periods  of  growth  were  from  24- 
72  hours : 

Series  I. — Flasks  (a)  and  (6),  25  cc.  N/6000  potassium 
permanganate  were  added.     Total  volume,  526  cc. 

Series  II. — Flasks  (a)  and  (6) ,  20  cc.  N/4000  potassium  per- 
manganate were  added.     Total  volume,  521  cc. 

Series  III. — Flasks  (a)  and  (6),  20  cc.  N/iooo  potassium 
permanganate  were  added.     Total  volume,  521  cc. 

Series  IV . — Flasks  (a)  and  (6),  10  cc.  N/io  potassium  per- 
manganate were  added.     Total  volume,  511  cc. 

Series  V. — Flasks  (a)  and  (b),  no  potassium  permanganate 
added.     Check  flasks.     Total  volume,  501  cc. 

Series  VI. — Flasks  (a)  and  (6),  25  cc.  N/6000  and  12.6  cc.  N/io 
potassium  permanganate  solutions  were  added.  Total  volume, 
538.6  cc. 

Series  VII. — Flasks  (a)  and  (6),  20  cc.  N/4000  and  20.1  cc. 
N/io  potassium  permanganate  solutions  were  added.  Total 
volume,  541. 1  cc. 

Series  VIII. — Flasks  (a)  and  (6),  20  cc.  N/ioooand  50.3  cc. 
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N/io  potassium  permanganate  solutions  were  added.  Total 
volume,  571.3  cc. 

After  all  the  flasks  had  remained  in  the  incubator  for  24 
hours,  tubes  of  sterile  bouillon,  15  cc.  each,  were  inoculated 
with  I  cc.  from  each  flask.  These  bouillon  tubes  were  incu- 
bated for  24  hours ;  cloudy  growth  was  noted  in  all  tubes  of 
Series  I.,  II.,  III.  and  V.  ;  slower  growth  was  shown,  how- 
ever, in  the  tubes  inoculated  with  samples  from  Series  IV.,  (a) 
and  (6),  and  not  until  the  end  of  33  hours'  incubation  did  these 
tubes  show  a  uniform  cloudy  growth.  Tubes  from  Series  VI., 
VII.  and  VIII.  remained  clear  after  48  and  72  hours'  incuba- 
tion. Three  repetitions  of  these  inoculations  gave  the  same  re- 
sults. 

Agar  plates  were  inoculated  with  i  cc.  from  flask  (a) ,  Series 

IV.  After  48  hours'  incubation  the  average  colony  count 
showed  67  per  cc. 

An  agar  plate  was  inoculated  with  i  cc.  from  flask  (a).  Series 

V.  After  32  hours'  incubation  4050  colonies  per  cc.  were  es- 
timated. 

In  the  above  experiments  all  cultures  were  studied  in  regard 
to  morphology  and  cultural  characters  and  no  contaminations 
were  observed. 

The  results  obtained  from  the  flasks  of  Series  IV.  indicate 
that  N/5 1 1  potassium  permanganate  is  antiseptic  to  5.  typhosus. 

The  mixtures  in  the  flasks  resulting  from  experiments, 
Series  VI.  to  VIII.,  inclusive,  were  of  a  rose  color,  thus  indi- 
cating an  excess  of  permanganate.  An  excess  of  0.00245 
gram  permanganate  was  found  in  flasks  (a)  and  (6)  of  Series 
VI.,  by  titration  with  standard  ferrous  ammonium  sulphate 
solution,  in  presence  of  dilute  sulphuric  acid.  This  excess, 
deducted  from  the  total  quantity  added,  left  the  amount  of 
permanganate  which  was  germicidal  to  B.  typhosus.  The  con- 
centration calculated  is  N/458. 

Peck  Chemical  Laboratory, 

Wabash  College, 

Crawfordsville,  Ind. 


Contributions  from  the  Chemical  Laboratory  of  Harvard  College. 

ON  ORTHOPARADIBROMORTHOPHENYLENEDI- 
AMINE. 

By  C.  IvOring  Jackson  and  F.  W.  Russe. 

The  substance  described  in  this  paper  was  prepared  in  the 
hope  that  a  diamine  containing  bromine  might  convert  tetra- 
bromorthoquinone  into  a  quinoxaline,  but  it  acted  no  better 
than  the  orthophenylenediamine  itself,  giving,  like  that,  red 
amorphous  products,  which  we  think  were  formed  by  oxida- 
tion of  the  amino  groups. 

We  tried  first  to  make  the  tetrabrom  derivative  by  the  ac- 
tion of  bromine  on  orthophenylenediamine,  but  could  obtain 
only  red  amorphous  substances,  which  we  think  are  identical 
with  those  mentioned  in  the  preceding  paragraph.  We  next 
prepared  the  2,4-dibromorthonitraniline  of  Remmers,^  reduced 
it  to  the  new  orthoparadibromorthophenylenediamine  and 
tried  the  action  of  bromine  on  this,  but  with  similar  bad  re- 
sults. Accordingly,  we  gave  up  the  attempt  to  make  the 
tetrabrom  compound  and  studied  the  orthoparadibromortho- 
phenylenediamine,  C6H2Brj(NH3)2,  obtained  as  described 
above.  This  melts  at  83°  and,  therefore,  has  the  constitution 
NH2=i,2;  Br2  =  4,6,  as  the  4,5-dibromorthophenylenedi- 
amine,  melting  at  137°,  has  been  made  by  Schifi"/and  the  only 
other  possible  isomer,  3,6-dibromorthophenylenediamine,  melts 
at  94°-95°,  and  was  made  by  Calhane  and  Wheeler,* 

With  hydrochloric  acid  the  orthoparadibromorthophenylene- 
diamine  gave  a  monohydrochloride,  C5HjBr2(NH2)NH3Cl, 
stable  in  the  air  but  decomposed  by  hot  water,  whereas  with 
hydrobromic  acid,  under  the  same  conditions,  a  dihydrobro- 
mide,  C6H2Br2(NH3Br)2,  seemed  to  be  formed,  which  was  so 
unstable  that  we  did  not  succeed  in  obtaining  it  in  a  state  of 
purity.  Acetic  anhydride  converted  our  diamine  into  the  di- 
acetamide,  CeH^Br^CNHC^HjO),,  which  melts  at  227°-228°. 
With  phenanthrenequinone  it  formed  the  quinoxaline, 

1  Bar.  d.  chem.  Ges.,  7,  349  (1874). 
^  Sitzun.  Wien.,  99,  2b,  361  {1890). 
3  This  Journal,  22,  452  (1899). 


Orthoparadihromorfhophenylenediamine.  149 

C«H,Br,N,C,(C«H,)„ 

which  melts  at  248°,  whereas  SchiflPs  4,5-compound  melts  at 
286°  and  Calhane  and  Wheeler's  3,6-bodyat  297°.  With  ben- 
zil  our  dibromorthophenylenediamine  gave 

C,H,Br,N,C,(C,H,)3, 

melting  at  i49°-i50°,  the  3,6-compound  melts  at  2i5°-2i6''. 

Hinsberg^  found  that  diphenylenequinoxaline  itself  gave  a 
deep  red  color  with  all  the  strong  mineral  acids;  our  two  quin- 
oxalines  gave  such  a  color  with  strong  sulphuric  acid,  but 
were  not  turned  red  by  strong  hydrochloric  acid  or  nitric  acid, 
although  the  phenanthrene  compound  was  reddened  by  fum- 
ing nitric  acid.  The  dibromquinoxalines  of  Calhane  and 
Wheeler^  behaved  like  ours  in  regard  to  acids. 

The  replacement  of  bromine  hy  hydrogen  during  the  reduc- 
tion of  aromatic  compounds  with  tin  and  hydrochloric  acid  has 
been  observed*  in  many  cases,  but  in  all  of  these  the  groups 
containing  nitrogen  were  in  the  meta  position  to  each  other 
with  two  exceptions,  one  of  which  was  the  reduction  of  sym- 
metrical tribromaniline  to  Idibromaniline*  and  the  other  the 
formation  of  a  small  quantity  of  orthophenylenediamine  from 
parabromorthonitraniline,  observed  by  Hiibner.^  As  the  yield 
of  our  dibromorthophenylenediamine  was  very  small,  we 
thought  it  possible  that  such  a  reaction  might  have  taken 
place,  but  a  careful  search  failed  to  show  orthophenyldi- 
amine  in  our  reduction  product.  We  confirm,  therefore, 
the  results  previously  obtained  and  it  is  evident  that  ortho- 
nitro  compounds  have  little  tendency  to  lose  bromine  under 
the  action  of  tin  and  hydrochloric  acid. 

EXPERIMENTAL. 

The  2,4-dibrom-6-nitraniline  was  prepared  by  adding  bro- 
mine, diluted  with  a  little  acetic  acid,  to  a  solution  of  ortho- 
nitranilinein  lo'times  its  weight  of  acetic  acid,  in  the  proportion  of 

1  Ann.  Chem.  (Liebig),  237,  340  (1887). 

2  This  Journal,  za,  457  (1899). 

s  Jackson  and  Calvert :  Ibid.,  18,  465  (1896). 

*^Ibid.,  18,  480  (1896). 

6  Ann.  Chem.  (lyiebig),  aop,  360  (1881). 
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2  molecules  of  bromine  to  i  of  the  base.  The  bromine  disap- 
peared instantly,  with  a  slight  evolution  of  heat.  The  product 
was  precipitated  by  the  addition  of  water  and,  after  a  thorough 
washing,  recrystallized  once  from  dilute  alcohol,  which  raised 
the  melting  point  to  127°,  that  observed  by  Remmers.^  The 
yield  was  quantitative. 

An  excess  of  bromine  gave  no  further  action,  even  when  the 
mixture  was  boiled  for  5  hours  in  a  flask  with  a  return  con- 
denser. 

Preparation  of  Orthoparadihromorthophenylenediamine, 
C6H2BrjCNHj)j. — The  reduction  of  the  2,4-dibrom-6-nitrani- 
line  was  effected  most  conveniently  with  tin  and  hydrochloric 
acid,  as  this  gives  a  white  product,  whereas  zinc  and  acetic 
acid  frequently  give  a  brownish  diamine,  which,  however,  is 
essentially  pure,  as  it  melts  at  the  same  point  as  the  white  one. 

The  dibromnitraniline,  moistened  with  a  little  alcohol,  was 
warmed  with  50  times  its  weight  of  hydrochloric  acid  and  an 
excess  of  tin  in  a  flask,  on  the  steam-bath,  until  the  yellow 
color  of  the  nitraniline  had  disappeared.  An  excess  of  potassic 
hydrate  was  then  added  and  the  solution  distilled,  when  the 
dibromorthophenylenediamine  passed  over.  As  the  water  dis- 
tilled off  more  was  added,  taking  care  not  to  dilute  the  solu- 
tion too  much,  since  the  diamine  does  not  begin  to  volatilize 
until  the  boiling  point  of  the  solution  reaches  123°.  The 
product  obtained  in  this  way  was  pure.  The  diamine 
was  also  prepared  by  reduction  with  zinc  and  acetic 
acid,  which  had  the  advantage  that  it  was  not  necessary 
to  isolate  the  solid  dibromnitraniline,  but  finely  granulated 
zinc  could  be  added  directly  to  the  acetic  acid  solu- 
tion in  which  the  dibrom  product  was  formed.  If  the  solid 
nitraniline  was  used,  5  grams  of  it  were  mixed  with  50  grams 
of  glacial  acetic  acid  and  an  excess  of  finely  granulated  zinc, 
water  was  then  added  until  there  was  an  active  evolution  of 
hydrogen  and  the  mixture  allowed  to  stand  over  night  at  60°- 
70°.  The  product,  disregarding  any  crystals  of  zincic  acetate 
which  had  separated,  was  treated  with  an  excess  of  sodic  hy- 
drate and  distilled,  as  already  described.     The  yield  by  either 

1  Ber.  d.  chem.  Gcs.,  7,  349  (1874). 
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process  was  about  5  per  cent  of  the  weight  of  the  dibromni- 
traniline.     Some   of   the   diamine   filtered   from  the  distilled 
water  was  dried  in  a  desiccator  for  analysis  : 
0.1547  gram  substance  gave  0.2177  gram  AgBr. 

Calculated  for 
C6H2Br2(NH2)2.  Found. 

Br  60.15  59.89 

Properties     of     Orthoparadibromorthophenylenediamine. It 

crystallizes  from  dilute  alcohol  in  small,  slender,  colorless 
prisms,  which  turn  dark  on  exposure  to  the  air.  As  obtained 
by  distillation  with  steam,  it  forms  a  mat  of  long,  fine  needles. 
It  crystallizes  from  ligroin  in  radiating  needles,  from  hot  water 
in  rhombic  plates.  It  melts  at  83°  to  a  colorless  liquid.  It  is 
freely  soluble  in  alcohol ;  soluble  in  ether,  benzene,  acetone, 
chloroform, carbonic  disulphide,  or  glacial  acetic  acid  ;  less  solu- 
ble in  ligroin;  slightly  soluble  in  hot  water.  All  its  solutions  turn 
dark  on  exposure  to  the  air.  It  dissolves  in  strong,  hot  hy- 
drochloric acid,  forming  a  hydrochloride,  which  crystallizes 
out  in  transparent  needles.  Strong,  hot  hydrobromic  acid  also 
dissolves  it  and  deposits  a  hydrobromide  in  short  prisms. 
Strong  nitric  acid  gives  a  red  solution  with  it,  from  which 
nothing  is  precipitated  on  dilution,  but  if  dilute  nitric  acid  is 
used  the  solution  has  a  deeper  red  color,  and  addition  of  water 
throws  down  an  amorphous,  brownish  red  precipitate.  Cold, 
strong  sulphuric  acid  dissolves  it  and  on  dilution  clusters  of 
flat,  transparent  prisms  are  deposited.  Alkalies  have  no  effect 
on  it. 

Hydrochloride  of  Orthoparadihromorihophenylenediamine, 
C6H2Br,(NH3)NH3Cl.— This  salt  was  most  easily  prepared  by 
passing  a  stream  of  dry  hydrochloric  acid  gas  into  a  solution  of 
the  diamine  in  dry  benzene.  The  hydrochloride  was  thrown 
down  as  a  pink,  gelatinous  precipitate,  which  was  dried  over 
soft  paraffin  and  potassic  hydrate  for  analysis  : 

0.1385  gram  substance  gave  0.2374  gram  AgBr  +  AgCl. 

Calculated  for 
C6H2Br2(NH2)2HCl.  Found. 

Br  -\-  CI  64.97  64.48 
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The  pink  precipitate  analyzed  was  seen  under  the  micro- 
scope to  consist  of  very  fine  needles.  It  was  decomposed  by 
hot  water  or  alkalies. 

Dihydrohromide  of  Orthoparadihromorthophenylenediamine, 
CgH2Br2(NH3Br)2. — When  hydrobromic  acid  gas  was  passed 
through  a  solution  of  the  diamine  in  dry  benzene,  a  precipitate 
was  obtained  which  probably  was  the  dihydrohromide,  but  lost 
hydrobromic  acid  so  easily  that  we  were  unable  to  get  a  good 
analysis  of  it.  The  specimens  for  Analyses  I.  and  II.  were 
dried  by  pressing  between  filter  paper,  III.  by  heating  to  con- 
stant weight  at  95°,  IV.  by  drying  at  90°  in  a  current  of  dry 
hydrobromic  acid. 

I.  0.1511  gram  substance  gave  0.2623  gram  AgBr. 
II.  0.1587  gram  substance  gave  0.2721  gram  AgBr. 

III.  0.1585  gram  substance  gave  0.2678  gram  AgBr. 

IV.  0.2672  gram  substance  gave  0.4498  gram  AgBr. 

Calculated  for  Found. 

C6H2Br2(NH2)2HBr.  C6H2Br2(NH3Br)2.  I.  II.  III.  IV. 

Br  69.13  74.74  73.87     72.97     71.90     71.64 

The  salt,  therefore,  loses  hydrobromic  acid  even  in  an  atmos- 
phere of  this  gas.     It  is  decomposed  by  hot  water  or  alkalies. 

Orthoparadihromorthophenylenediacetamide, 
CgHjBr.CNHCjHjO)^.— Half  a  gram  of  the  dibromorthophenyl- 
enediamine  was  boiled  for  15  minutes  with  acetic  anhydride, 
and  as  the  colorless  solution  deposited  nothing  on  cooling, 
water  was  added,  which  threw  down  a  white,  flocculent  pre- 
cipitate. We  did  not  succeed  in  finding  a  solvent  from  which 
this  substance  could  be  recrystallized  in  the  ordinary  way  ;  it 
was,  accordingly,  purified  by  making  a  dilute  solution  in 
acetic  acid  and  allowing  this  to  stand  under  a  bell  jar,  over 
night,  with  a  strong  solution  of  ammonia.  As  the  acetic  acid 
was  neutralized  by  the  ammonia  gas,  the  new  compound  crys- 
tallized out  in  long  needles,  and  two  such  crystallizations  were 
sufficient  for  complete  purification.  It  was  dried  at  95°  for 
analysis  : 

o.iooo  gram  substance  gave  0.107 1  gram  AgBr. 
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Calculated  for 
C6H2Br2(NHCjH30)2.  Found. 

Br  45.66  45.58 

Properties. — It  crystallizes  in  long,  white  needles,  which 
melt  at  227°-228°.  It  is  soluble  in  ethyl  or  methyl  alcohol, 
acetone,  chloroform,  or  acetic  acid  ;  sparingly  soluble  in  ben- 
zene or  ligroin.  We  could  not  obtain  crystals  from  any  of 
these  solutions  by  the  usual  methods.  It  dissolves  in  strong 
hydrochloric  acid,  but  is  precipitated  on  dilution  ;  it  is  soluble 
in  strong  nitric  acid,  strong  sulphuric  acid,  or  an  excess  of  hot 
sodic  hydrate  solution. 

Orthoparadihromdiphenylenequinoxaline  ( Orthoparadihrom- 
phenanthrophenazine) ,  CgH^Br^NjCjCCgHJ^- — Two-tenths  gram 
of  the  dibromphenylenediamine  were  dissolved  in  alcohol  and 
mixed  with  an  acetic  acid  solution  of  0.15  gram  of  phenan- 
threnequinone  ;  a  heavy  precipitate,  made  up  of  fine,  yellowish 
needles,  was  deposited  at  once,  which  was  so  pure  that  one  re- 
crystallization  from  benzene  was  sufl&cient  to  raise  it  to  the 
constant  melting  point,  248°.  It  was  dried  at  95°  for  analy- 
sis : 
0.1343  gram  substance  gave  o.  1148  gram  AgBr. 

Calculated  for 
CsHaBraNaCHHg.  Found. 

Br  36.51  36.38 

Properties. — It  crystallizes  from  benzene  in  silky,  yellow 
needles,  arranged  in  radiating  groups,  which  melt  at  248°.  It 
is  soluble  in  hot  benzene  or  chloroform,  sparingly  in  cold  ;  very 
slightly  soluble  in  alcohol,  ether,  acetone,  or  glacial  acetic  acid  ; 
insoluble  in  ligroin  or  water.  Strong  hydrochloric  acid  turns 
it  slightly  yellow  ;  strong  nitric  acid  has  no  effect,  but  fuming 
nitric  acid  gives  a  red  solution  ;  strong  sulphuric  acid  forms  a 
deep  red  solution  with  it.     Alkalies  do  not  act  on  it. 

Orthoparadihromdiphenylquinoxaline,  CgH^Br^N^Cj  ( CgHj)^. — 
A  solution  of  0.15  gram  of  benzil,  in  10  cc.  of  alcohol,  was 
boiled  for  i  hour  with  0.2  gram  of  the  dibromphenylenedi- 
amine. As  the  solution  cooled  white  needles  were  deposited 
which,  after  2  recrystallizations  from   dilute  alcohol,  showed 
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the  constant  melting  point  i49°-i5o°  and  were  dried  at  95°  for 
analysis  : 

0,1565  gram  substance  gave  0.1337  gram  AgBr. 

Calculated  for 
C6HoBr2NoC2(C6H5)2.  Found. 

Br  36.36  36.37 

Properties. — It  crystallizes  from  dilute  alcohol  in  long,  white 
needles,  which  melt  at  i49°-i5o°.  It  is  soluble  in  alcohol, 
ether,  chloroform,  benzene,  acetone,  hot  methyl  alcohol,  or  hot 
glacial  acetic  acid  ;  insoluble  in  ligroin  or  water.  It  is  slightly 
soluble  in  strong  hydrochloric  acid  ;  hot,  strong  nitric  acid 
converts  it  into  a  pale  yellow  solution  and  an  oil,  on  dilution 
with  water  a  white  precipitate  is  formed  ;  cold,  strong  sul- 
phuric acid  forms  with  it  a  blood-red  solution,  from  which 
water  precipitates  a  white  solid.     Alkalies  have  no  effect  on  it. 

When  the  orthoparadibromphenylenediamine  was  treated 
with  tetrabromorthobenzoquinone,  a  red,  slightly  tarry  mass 
was  formed,  from  which  we  have  not  succeeded  in  isolating 
any  definite  compound. 

Cambridge,  Mass., 
Sept.  12,  1905. 
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ON    CERTAIN     DERIVATIVES    OF    TETRABROMOR- 
THOBENZOQUINONE.' 

By  C.  Loring  Jackson  and  F.  W.  Russe. 

In  this  paper  we  describe  a  continuation  of  the  investigation 
of  tetrabromorthobenzoquinone,  CgBr^Oj,  which  has  been  car- 
ried on  for  some  years  in  this  laboratory.^ 

We  turned  our  attention  in  the  first  place  to  the  action  of 
ketones  on  tetrabromorthobenzoquinone,  as  preliminary  experi- 
ments had  shown  that  these  substances  reacted  even  in  the 
cold  and  Japp  found  that  acetone'  or  acetophenone*  combines 

1  The  work  described  in  this  paper  formed  part  of  a  thesis  presented  to  the 
Faculty  of  Arts  and  Sciences  of  Harvard  University,  for  the  degree  of  Doctor  of  Philos 
ophy,  by  Frederick  W.  Russe. 

2  Jackson  and  Koch  :  This  Journal,  26,  10  (1901).  Jackson  and  Porter  :  Ibid.,  30, 
518  (1903)  ;  31,  89  (1904).    Jackson  and  Carlton  :  Ibid.,  34,  422  (1905). 

3  Japp  and  Streatfield  :  J.  Chem.  Soc,  41,  274  (1882). 
«  Japp  and  Meldrum  :  Ibid.,  75,  1034  (1899). 
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with  phenanthrenequinone,  while  Klinger'  has  obtained  addi- 
tion compounds  of  aldehydes  with  it.  It  seemed  probable, 
therefore,  that  our  orthobenzoquinone  would  give,  under  these 
conditions,  series  of  compounds  similar  to  those  formed  by  the 
action  of  alcohol  on  it.^  Porter  and  one^  of  us,  in  fact,  had 
found  that  acetophenone  combined  with  tetrabromorthoqui- 
none  in  the  cold,  forming  an  unstable  addition  product,  which 
may  be  considered  to  be  the  quinone  with  i  mol.  of  aceto- 
phenone of  crystallization.  On  longer  standing  with  aceto- 
phenone a  yellow  product  was  formed,  the  nature  of  which 
was  not  determined.  When  the  substances  were  boiled  to- 
gether the  bromine  compounds  were  broken  up  in  great  meas- 
ure and  the  hydrobromic  acid  formed  converted  part  of  the 
acetophenone  into  triphenylbenzene. 

Of  the  ketones  studied  by  us,  benzophenone  was  the  only 
one  that  did  not  act  on  tetrabromorthoquinone  in  the  cold,  and 
even  from  this  we  obtained  an  action  if  it  was  dissolved  in 
chloroform,  but  we  are  inclined  to  ascribe  this  to  the  solvent, 
as  there  was  no  action  when  benzene  was  used.  Acetone,  di- 
ethylketone,  mesityl  oxide,  or  acetophenone  reacted  easily  with 
the  tetrabromorthobenzoquinone,  but  to  our  great  disappoint- 
ment, instead  of  forming  addition  compounds  the  same  prod- 
ucts were  formed  in  each  case.  These  were  three  in  number  : 
the  red  hexabromorthoquinopyrocatechin  ether,* 

CeBrA-CeBrA  ; 
brown  hexabromdihydroxypyrocatechin  ether,* 
CeBrA.CeBr,(OH)„ 

and  a  new  yellow  compound,  identified  as  heptabromortho- 
quinopyrocatechin  hemiether,  C6Br/OH)OC6Br303.  By  regu- 
lating the  conditions  of  the  reaction  each  of  these  compounds 
can  be  made  the  principal  product ;  thus  with  half  its  weight 
of  acetone,  best  diluted  with  benzene,  the  tetrabromorthoqui- 
none gave  the  heptabrom  compound  almost  pure  ;  with  twice 

1  Ann.  Chem.  (Webig),  349,  138  (1888). 

2  This  Journal,  31,  89  {1904). 

*  Ibid.,  31,  116  (1904). 

♦  Ibid.,  36,  35  (190')- 
^  Ibid.,  a6,  38  (1901)- 
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its  weight  of  acetone  the  hexabromorthoquinopyrocatechin 
ether  was  formed  at  first,  which  on  longer  standing,  went  al- 
most completely  into  the  dihydroxy  compound.  Shining 
brassy  scales  were  also  observed  frequently  among  the  products 
of  the  reaction,  but  these,  by  continuous  extraction  with  ben- 
zene, yielded  the  two  hexabrom  ethers  and  probably,  there- 
fore, consisted  of  a  mixture  or  loose  compound  of  these  two 
substances. 

The  constitution  of  the  heptabromorthoquinopyrocatechin 
hemiether,  I.,  was  determined  by  the  following  observations  :^ 


Br 


Br 


Br 
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Br 
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Br 


Br 
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It  passed  into  the  hexabrom  ether,  II.,  with  great  ease, 
when  treated  with  acetone,  dilute  alcohol,  dilute  acids,  or  even 
when  exposed  to  the  air.  It  must  contain  quino  oxygens,  be- 
cause nitric  acid  did  not  act  on  it,  as  would  have  been  the  case 
if  it  were  a  trihydroxy  compound  ;  and  benzoyl  chloride  gave 
a  derivative  analyzing  nearly  for  CjjBr70(OCOCsH5)3,  while  at 
the  same  time  a  brown  gas  was  given  oflF which  bleached  moist 
litmus  paper.  Graebe*  and  H.  Schulz'have  shown  that  acetyl 
chloride  or  bromide  acts  on  paraquinones  in  a  similar  way,  giv- 
ing a  hydroquinone  diacetate  and  chlorine  or  bromine,  which 

1  A  possible  formula  isomeric  with  I.  is  discussed  later. 

2  Ann.  Chem.  (Iviebig),  146,  13,  23  (1869). 

3  Bar.  d.  chem.  Ges.,  15,  652  (1882). 
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is  afterward  used  up,  more  or  less  completely,  by  secondary 
reactions.  In  our  case,  the  chlorine  formed  in  this  way  dis- 
placed part  of  the  bromine  in  the  heptabrom  compound.  An 
experiment  with  tetrabromorthoquinone  itself  gave  confirma- 
tory results,  as,  when  treated  with  benzoyl  chloride,  it  gave  a 
brown  gas,  probably  a  mixture  of  bromine  and  chlorine,  and  a 
product  containing  the  percentage  of  Br  for  the  formula 
CjBr.COCOCgHJj,  but  which  melted  at  i72°-i74*'  instead  of  at 
197°,  the  melting  point  of  the  tetrabrompyrocatechin  diben- 
zoate,  which  was  made  for  comparison.  We  cannot  explain 
this  difference  of  25°  in  the  melting  points. 

In  addition  to  the  three  derivatives  of  the  quinone  already 
mentioned  there  was  formed  in  every  case  a  brom ketone,  as 
was  unpleasantly  evident  by  its  violent  action  on  the  eyes. 
With  acetophenone  the  compound  formed  was  the  w-bromaceto- 
phenone,  CgHjCOCHjBr,  which  we  proved  by  converting  it 
into  w-anilinoacetophenone,  CgHjCOCHjNCgHg,  melting  at  94°. 

The  reaction  by  which  the  yellow  hemiether  was  formed  can 
be  written  as  follows  : 

2C,BrA+  CeH,C0CH3     = 

CeBr,(OH)O.C6Br30,  +  C.H^COCH.Br. 

The  red  hexabrom  ether  would,  later,  be  formed  from  this, 

CeBr,(OH)O.CeBr,0,     ==     QBr  A- CgBr^O,  +  HBr, 

and  the  brown  dihydroxy  ether  would  result  from  the  reducing 
action  of  the  hydrobromic  acid  : 

C.BrA-CeBrA  +  2HBr     =     C,BrA.CeBr,(OH),  +  Br,. 
The  free  bromine  would  then  act  on  the  excess  of  the  ketone 
to  give  more  hydrobromic  acid  for  this  last  reaction. 

That  the  hexabromorthoquinopyrocatechin  ether, 

CeBrA-CeBr.O,, 

could  be  reduced  by  hydrobromic  acid  to  the  dihydroxy  ether 
as  in  the  last  reaction,  was  shown  by  a  special  experiment,  in 
which  it  was  treated  with  acetone  and  bromine.  In  this  work 
the  dihydroxy  body  was  obtained  either  in  brown  plates  look- 
ing like  mica,  or  in  white,  fibrous  needles  like  asbestos,  and  it 
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was  proved  that  the  two  products  were  identical  in  spite  of  the 
difference  in  their  appearance.^ 

If  bromine  was  added  to  a  mixture  of  acetone  and  tetrabrom- 
orthoquinone  the  action  seemed  to  be  much  more  rapid  and 
ran  further  than  when  acetone  was  used  alone.  This  was  ob- 
viously due  to  the  reducing  action  of  the  hydrobromic  acid 
formed,  which  converted  part  of  the  quinoneto  tetrabrompyro- 
catechin,  and  this,  reacting  with  unaltered  quinone,  formed  the 
hemiether  or  ether.  If  the  mixture  was  diluted  with  benzene, 
the  reduction  ran  so  far  that  tetrabrompyrocatechin  was  one  of 
the  products  of  the  reaction. 

The  action  of  tetrabromorthoquinone  with  oenanthol  or  with 
benzaldehyde  gave  the  red  and  yellow  products  obtained  by  the 
action  of  ketones.  Under  these  circumstances  it  did  not  seem 
worth  while  to  multiply  experiments  with  aldehydes. 

In  his  paper^  on  tetrabromorthoquinone,  Zincke  mentions  a 
black  substance,  which  he  took  for  the  quinhydrone,  but  he 
did  not  study  it  in  detail.  Koch  and  one  of  us^  did  not  suc- 
ceed in  making  this  compound,  but  we  have  found  that  it  is 
formed  whenever  hot  solutions  of  the  tetrabromorthoquinone 
and  tetrabrompyrocatechin,  in  equivalent  amounts,  are  mixed 
and  allowed  to  cool  at  once.  Chloroform  is  the  best  solvent 
for  this  purpose.  The  shining,  black  crystals  obtained  in  this 
way  gave  analytical  results  agreeing  with  the  formula 

C,Br,(OH),.CeBrA.H,0. 

As  this  formula  rests  on  six  analyses  of  different  specimens, 
there  can  be  no  doubt  that  the  substance  is  not 

C,Br,(OH),.C,BrA. 
That  the  low  result  was  not  due  to  a  loss  of  hydrobromic  acid 
was  shown  by  a  special  experiment,  and  therefore  it  follows 
that  it  must  be  caused  by  the  addition  of  some  substance  to  the 
quinhydrone,  which  can  only  be  water,  since  the  same  product 
was  obtained  with  chloroform  or  benzene.  Such  a  strong  ten- 
dency to  combine  with  water  was  observed  by  Porter  and  one 

1  Cf .  similar  observations  of  Shaffer. 

2  Ber.  d.  chem.  Ges.,  20,  1778  (1887). 
«  This  Journal,  a6,  37  (1901). 
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of  us^  with  the  tetrabromorthoquinone.  An  attempt  to  obtain 
a  similar  addition  with  isoamyl  alcohol  gave  only  the  water 
compound, 

A  series  of  synthetic  experiments  showed  that  the  substance 
contained  i  molecule  of  the  tetrabromorthoquinone  combined 
with  I  of  tetrabrompyrocatechin.  Our  reasons  for  considering 
it  a  quinhydrone  are  its  formation  from  the  orthoquinone  and 
pyrocatechin,  its  marked  color  and  its  composition,  apart  from 
the  unexplained  molecule  of  water.  Its  behavior  with  solvents, 
on  the  other  hand,  at  first  sight  seems  different  from  that  of 
the  paraquinhydrone,  since  it  is  converted  with  great  ease  into 
the  heptabrompyrocatechin  hemiether,  C6Br^(OH)O.C5Br302, 
and  tetrabrompyrocatechin.  It  is  possible,  however,  that  this 
change  is  preceded  by  a  dissociation  into  its  components  simi- 
lar to  that  observed  with  paraquinhydrone.  In  the  decompo- 
sition with  boiling  benzene  the  change  was  followed  quantita- 
tively and  was  found  to  correspond  to  the  reaction: 

3CeBr,(0H),.CeBrA.H,0     = 

2C,,BrAH  +  2CeBr,(0H),  +  Br,  +  3H,0. 

The  same  reaction  took  place  when  the  dry  quinhydrone  was 
heated. 

If,  as  we  think,  our  substance  is  the  orthoquinhydrone,  it 
should  have  the  graphical  formula  III.,  according  to  the  con- 
stitution established  by  Posner*  for  the  para  compound  : 


1  This  Journal,  31,  109  (1904). 

2  Ann.  Chem.  (I,iebig),  336,  85  (1904). 
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We  give  only  the  keto  form,  as  it  seems  to  us  the  strong 
color  of  the  quinhy drones  renders  Posner's  enol  formula  im- 
probable. In  this  discussion  we  have  omitted  the  molecule  of 
water,  as  we  have  no  experimental  evidence  to  show  how  it  is 
attached  to  the  molecule. 

If  the  heptabrom  hemiether  is  formed  from  the  undissociated 
quinhy  drone,  Formula  I.  must  be  the  correct  one  for  it,  as  a 
substance  having  Formula  IV.  could  not  be  formed  from  III. 
without  dissociation,  but,  as  we  have  pointed  out  already,  the 
analogy  with  the  para  compound  would  lead  us  to  expect  a 
complete  dissociation  of  the  quinhydrone  in  its  solutions,  so 
that  this  argument  is  entitled  to  but  little  weight. 

We  have  devoted  a  great  deal  of  time  to  the  study  of  the  ac- 
tion of  acetic  acid  on  tetrabromorthoquinone,  but,  although 
our  results  explain  one  of  the  reactions  which  takes  place,  they 
are  not  in  harmony  with  those  of  our  predecessors,  Koch, ^  by 
the  long-continued  action  of  warm  acetic  acid  on  tetrabrom- 
orthoquinone, obtained,  without  difficulty,  a  white  product 
melting   at  230"  without  visible  decomposition,^  and  giving 

1  This  Journal,  36,  42  (1901). 

2  This  fact  was  verified  by  taking  the  melting  point  of  a  specimen  of  the  substance 
left  from  Koch's  work. 
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analytical  results  corresponding  to  the  formula  Ci^H^BrgOj. 
Porter,'  who  took  up  the  work  later,  could  not  obtain  this  sub- 
stance, but  found  instead  a  yellowish  product  resembling 
heptabromorthoquinopyrocatechin  hemiether  in  appearance, 
but  melting,  with  decomposition,  at  220°-230°,  instead  of  at 
244''-245''  and  containing  3.5  per  cent  less  bromine.  Our  at- 
tempts to  prepare  Koch's  products  were  even  less  successful  as, 
when  we  followed  most  carefully  the  directions  given  by  him, 
we  obtained  nothing  but  the  red  hexabromorthoquinopyro- 
catechin  ether,  CgBr^Oj.CjBrjO^.  Three  diflferent  men,  there- 
fore, have  obtained  three  different  results  from  the  same  pro- 
cess, showing  that  slight  and  apparently  trifling  differences  in 
the  conditions  must  have  a  marked  effect  on  the  product. 

In  other  experiments  the  method  of  Koch  was  somewhat 
modified.  For  instance,  we  replaced  with  benzene  the  acetic 
acid  or  the  alcohol  and  acetic  acid  used  by  Koch  in  purifying 
this  compound  and,  in  both  cases,  obtained  the  same  substance, 
which  crystallized  in  yellow  needles  and  melted,  with  decom- 
position, between  235°  and  250°.  Another  experiment,  in 
which  the  heating  of  the  tetrabromorthoquinone  with  acetic 
acid  at  100°  was  continued  much  longer,  yielded  nearly  pure 
heptabromorthoquinopyrocatechin  hemiether, 

CeBr,(OH)O.CeBr30,; 

and,  when  the  materials  were  boiled  together  for  7  hours  in- 
stead of  being  heated  only  at  100°,  some  tetrabrompyrocate- 
chin  was  detected  in  the  product. 

We  have  also  studied  the  action  of  acetic  acid  on  tetrabrom- 
orthoquinone in  the  cold.  Porter  obtained,  in  a  preliminary 
experiment  of  this  sort,  2  products,  one  white  melting  at  85°- 
90°  without  apparent  decomposition,  the  other  pinkish  white, 
melting  between  90°  and  110°,  but  he  made  no  attempt  to 
purify  either  of  them.  In  the  many  experiments  tried  by  us 
we  have  found  no  indications  of  these  substances,  but  instead 
have  obtained  only  nearly  square,  thick,  rhombic  plates,  which 
redden  when  heated,  but  do  not  melt  under  300°.  They  gave 
results  on  analysis  corresponding  to  the  formula 

1  This  Journal,  31,  114  (1904). 
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(C«BrA)..(C,HA)3- 

As  they  had  no  melting  point,  and  could  be  recrystallized  only 
with  great  difficulty,  it  is  not  certain  that  the  specimen 
analyzed  was  pure,  but  it  seems  hardly  probable  that  any  large 
amount  of  impurity  could  be  present  in  such  well  formed  crys- 
tals. 

If  this  substance  was  crystallized  lo  times  from  benzene  it 
was  converted  into  the  yellow  needles,  melting,  with  decompo- 
sition, at  235°-25o°,  obtained  by  the  action  of  hot  acetic  acid  ; 
and  the  same  compound  was  also  formed  by  the  action  of 
formic  acid  on  tetrabromorthoquinone.  As  this  same  product 
has  been  made  by  3  methods  from  acetic  acid  and  also  from 
formic  acid,  we  feel  there  is  no  doubt  that  it  is  a  definite  com- 
pound, in  spite  of  the  wide  range  of  its  decomposition  tempera- 
ture. Its  analysis  indicates  that  it  is  the  ether  or  oxide  corre- 
sponding to  the  heptabromorthoquinopyrocatechin  hemiether, 
that  is,  (CsBr^.O.CgBr302)20,  and  it  may  be  called,  therefore, 
diheptabromorthoquinopyrocatechin,  ether.  A  specimen  of  the 
substance,  crystallized  12  times  from  benzene,  seemed  to  be 
partially  converted  into  the  hemiether,  C5Br^(OH)O.C6Br302,  a 
result  in  harmony  with  our  theory  of  its  constitution,  but 
other  confirmatory  results  must  be  discovered  before  the  for- 
mula can  be  considered  finally  established.  The  action  of  pro- 
pionic, butyric,  or  valerianic  acids  on  tetrabromorthoquinone 
gave  what  seemed  to  be  the  same  compound  in  a  somewhat  im- 
pure state. 

Some  attempts  to  make  bromine  addition  products  of  tetra- 
bromorthoquinone did  not  lead  to  the  desired  result,  but  in 
the  course  of  this  work  we  boiled  it  with  fuming  nitric  acid  and 
bromine  and  obtained  2  new  compounds,  a  white  acid  soluble 
in  water,  and  a  yellow  substance  melting,  without  decomposi- 
tion, at  142°,  which  gave  analytical  results  corresponding  to 
the  formula  C^BrA-  Upon  treating  this  substance  with  ortho- 
diamines,  products  were  obtained  which  gave,  with  sulphuric 
acid,  the  deep  red  color  characteristic  of  quinoxalines  of  this 
class.  We  feel  justified,  therefore,  in  considering  it,  for  the 
present,  the  tetrabromcyclopenteneorthoquinone. 
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/.CBr.CO 
BrC^  I     • 

\CBr3.CO 

Unfortunately,  this  product  and  the  white  acid  were  discov- 
ered too  late  in  the  year  for  thorough  study.  The  investiga- 
tion of  both  will  be  continued  in  this  laboratory  in  the  coming 
academic  year. 

EXPERIMENTAL. 

The  tetrabromorthobenzoquinone  used  in  this  work  was 
prepared  by  the  method  described  by  Koch  and  one  of  us,' 
with  the  improvements  introduced  by  Shaffer,^  except  that  less 
care  was  taken  in  cooling  the  oxidation  mixture  both  before 
the  oxidation  and  after  the  addition  of  water;  30  grams  of 
tetrabrompyrocatechin  yielded  in  this  way  24  grams  of  the 
orthoquinone,  melting  at  149°-!  50°. 

Action  of  Cold  Acetone  on  Teirabromorthoquinone. 

Our  preliminary  experiments  showed  that  there  were  three 
products  of  this  action,  a  yellow,  a  red  and  a  brown,  any  one 
of  which  could  be  obtained  as  the  principal  product  by  a  care- 
ful adjustment  of  the  conditions. 

The  Red  Product. — The  best  way  to  obtain  this  substance 
was  to  allow  5  grams  of  tetrabromorthoquinoue  to  stand  at  or- 
dinary temperatures,  in  a  corked  flask,  with  10-15  grams  of 
pure,  anhydrous  acetone.  During  the  first  4  or  5  days  the 
product  was  deposited  in  small,  red  prisms,  and  if  these  were 
filtered  out  each  day,  the  yield  varied  from  50  to  65  per  cent 
of  the  quinone  used.  The  yield  depended  on  the  amount  of 
acetone,  as,  if  the  quinone  was  treated  with  half  its  weight  of 
acetone,  very  little  of  the  red  product  was  formed,  and  with 
its  own  weight  only  10-15  per  cent  of  the  weight  of  the  qui- 
none was  obtained.  The  crystals  as  deposited  from  the  ace- 
tone solution  were  often  of  good  size,  and  showed  the  form 
characteristic  of   the   hexabromorthoquinopyrocatechin  ether 

1  This  Journal,  26,  34  (1901). 
^  Ibid.,  34,  460(1905). 
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discovered  by  Koch  and  one  of  us.^  That  it  was  this  com- 
pound was  shown  by  its  other  properties — infusibility  even  at 
300°  and  essential  insolubility  in  all  solvents  except  nitroben- 
zene— and  by  the  following  analyses  of  the  substance  made 
without  recrystallization,  which  accounts  for  the  somewhat 
high  percentages.  Each  specimen  used  proceeded  from  a  dif- 
ferent preparation. 

I.  0.2688  gram  substance  gave  0,4447  gram  AgBr. 

II.  0.2175  gram  substance  gave  0.3589  gram  AgBr. 

III.  0.2196  gram  substance  gave  0.3628  gram  AgBr. 


Calculated  for 
CeBr402.C6Br„02. 

I. 

Found. 
II. 

III. 

69.76 

70.42 

70.23 

70.33 

Br 

In  this  and  all  the  actions  of  acetone  with  the  quinone,  brom- 
acetone  was  formed  as  a  .secondary  product,  and  to  avoid  its 
irritating  effect  on  the  eyes  it  must  be  removed  by  allowing  the 
crystals  to  stand  under  a  good  hood  before  studying  them. 

The  Brown  Product. — This  substance  is  the  final  product  of 
the  action  of  acetone  on  tetrabromorthoquinone.  If,  there- 
fore, a  mixture  of  5  grams  of  the  quinone  with  10  cc.  of  ace- 
tone, such  as  that  mentioned  in  the  last  section,  was  allowed  to 
stand  more  than  5  days,  the  red  crystals,  and  some  glittering 
yellow  plates,  which  were  also  formed,  were  converted,  in  a 
few  days  more,  into  long,  brownish  black  needles,  the  solution 
turning  from  red  to  straw  color. 

The  brown  compound  was  also  formed  by  the  further  action 
of  acetone  on  the  red  hexabromorthoquinopyrocatechin  ether. 
It  is  nearly  insoluble  in  the  common  solvents  except  alcohol, 
in  which  it  is  very  slightly  soluble.  From  this  it  crystallizes 
in  slender,  white  needles,  which  mat  together  like  a.sbestos. 
Nitrobenzene  dissolves  it  freely  and  it  crystallizes  from  this 
solution  in  mica-like  plates,  apparently  hexagonal  in  form  and 
of  a  pale  brown  color,  or,  if  crystallized  very  slowly,  in  white 
needles.  It  decomposes  at  304*^-305°.  Sodic  hydrate,  in 
aqueous  solution,  does  not  dissolve  it,  but  sometimes  turns  the 
white  needles  purple.     These  properties  indicate  that  the  sub- 

1  This  Journal,  26,  36  (1901). 
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stance  is  the  hexabromdihydroxypyrocatechin  ether'  and  this 
was  confirmed  by  the  following  analysis  of  the  substance  re- 
crystallized  from  nitrobenzene  : 

0.2669  gram  substance  gave  0.4370  gram  AgBr. 

Calculated  for 
C6Br402.C6Bro(OH>2.  Found. 

Br  69.56  69.68 

The  glittering  yellow  plates  mentioned  above  appeared  al- 
most invariably  as  an  intermediate  product  in  the  action  of 
acetone  on  tetrabromorthoquinone  ;  they  had  a  brassy  color 
and  luster  and  looked  not  unlike  bronze  powder.  On  treat- 
ment with  benzene,  in  a  continuous  extractor,  they  were  con- 
verted into  the  red  and  brown  products  described  above, 
lyonger  standing  with  acetone  changed  them  completely  into 
the  hexabromdihydroxypyrocatechin  ether. 

The  Yellow  Product.  Heptabromorthoquinopyrocatechin 
Hemiether,  CgBr^(OH)O.C6Br303. — This  substance  was  made  by 
mixing  5  grams  of  tetrabromorthoquinone  with  2.5  grams  of 
acetone  and  allowing  the  damp  powder  to  stand  in  a  corked 
flask.  In  24-48  hours  the  solid  began  to  swell  up,  as  lime 
does  in  slaking,  and  was  converted  into  an  amorphous  pink 
mass,  which,  after  standing  another  day,  had  crystallized  in 
small  needles  and  consisted  principally  of  the  yellow  com- 
pound, nearly  free  from  the  brown  or  red  substance.  This 
product  was  first  allowed  to  stand  in  a  current  of  air,  until  the 
bromacetone  had  evaporated.  It  was  then  extracted  with 
benzene  and  purified  by  repeated  crystallization  from  this  sol- 
vent. 

An  even  purer  product  was  obtained  by  the  following 
method  :  One  gram  of  the  tetrabromorthoquinone  was  mixed 
with  0.5  gram  of  pure  acetone,  dissolved  in  10  grams  of  ben- 
zene, and  the  mixture  was  allowed  to  stand  at  ordinary 
temperatures  in  a  corked  flask.  For  10  days  there  was  no  sign 
of  a  reaction,  but  after  that  time  the  solution  began  to  take  on 
a  straw-yellow  color,  and  at  the  end  of  2  weeks  deposited  yel- 
low crystals,  which  were  nearly  pure.     They  were  freed  from 

1  This  Journal,  26,  39  (igoO- 
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bromacetone  and  purified  as  before.  The  yield  was  70  percent 
of  the  quinone  used.  Most  of  the  substance  used  by  us  was 
prepared  by  this  method.  A  specimen  recrystallized  from  ben- 
zene, until  it  showed  the  constant  decomposition  point  244°- 
245°,  was  carefully  dried  between  filter  papers  for  analysis  : 

I,   1. 2158  grams  substance,  heated  at  90°-95°,  lost  0.1650 
gram  CeH^. 

II-  0.5553  gram  lost  0.0735  gram  CeH^. 

III.  0.5109  gram  lost  0.0684  gram  C^Hg. 


Calculated  for 
C6Br4(OH)O.C6Br30o.iiC6H6. 

I. 

Found. 
II. 

III. 

h                    13-22 

13-57 

13-23 

13-39 

CeHe 

I,  0.4051   gram  substance,  dried  at  90°-95°,   gave  0.2714 
gram  CO,  and  0.0148  gram  H^O. 

II.  0.3214  gram  substance  gave  0.5520  gram  AgBr  (Carius). 
III.  0.3155  gram  substance  gave  0.5412  gram  AgBr. 


Calculated  for 

Found. 

C6Br4(0H)0.C6Br302. 

I. 

II. 

c 

18.73 

18.27 

H 

0.13 

0.41 

Br 

72.80 

.     . 

7310 

73.02 

Properties  of  Heptahromorthoquinopyrocatechin  Hemiether. — 
Crystallized  from  benzene,  it  formed  large  square  plates  or 
thick,  square  prisms,  of  a  full  yellow  color,  which  eflQoresce  on 
exposure  to  the  air.  When  heated  it  turns  orange  between 
200°  and  240°,  and  at  244°-245°  melts  to  a  deep  red  liquid 
with  great  increase  in  volume  and  evolution  of  a  little  reddish 
gas.  It  is  soluble  in  hot  benzene,  chloroform,  ether,  or  nitro- 
benzene ;  essentially  insoluble  in  ligroin.  Kthyl  alcohol  dis- 
solves it,  but  if  the  solution  is  heated,  even  by  holding  the 
vessel  in  the  hand,  decomposition  sets  in  as  shown  by  the 
formation  of  a  red  precipitate  of  hexabromorthoquinopyro- 
catechin  ether,  CeBr.O^.C.Br^O^.  Methyl  alcohol  acts  in  the 
same  way,  but  more  slowly.  It  is  also  converted  into  the 
hexabrom  ether  by  long  exposure  to  the  air,  by  the  action  of 
dilute  acids,  by  acetic  anhydride,  or  acetyl  chloride,  or  by 
standing  at  ordinary  temperatures  with  acetone  for  a  month  ; 
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in  this  last  case  the  action  goes  further,  as  part  of  the  hexa- 
brom  ether  is  converted  into  the  brown  hexabromdihydroxy- 
pyrocatechin  ether,  CgBr^Oj.CsBr/OH)^.  Strong  or  fuming 
nitric  acid  apparently  did  not  act  on  it.  Sodic  hydrate  decom- 
posed it,  dissolving  part  of  it  and  leaving  the  rest  in  the  form 
of  a  black,  amorphous  mass. 

Reduction  of  Heptahromorthoquinopyrocatechin  Hemiether. — 
An  attempt  to  reduce  this  substance  with  sodium  amalgam 
failed,  because  of  the  formation  of  the  black  product  of  the  ac- 
tion of  sodic  hydrate. 

With  zinc  and  dilute  acetic  acid  a  flocculent,  purple-brown 
substance  was  obtained,  which  was  recognized  as  hexabromdi- 
hydroxypyrocatechin  ether  by  the  following  properties  :  It  de- 
composed at  3o6°-307°;  crystallized  from  hot  alcohol,  in  which 
it  was  very  sparingly  soluble,  in  white,  asbestos-like  needles  ; 
from  hot  nitrobenzene  in  plates  or  needles  ;  it  was  essen- 
tially insoluble  in  the  other  common  solvents  except  benzene, 
in  which  it  is  slightly  soluble.  Benzoyl  chloride  converted  it 
into  a  white  ether.  One  gram  of  the  heptabrom  ether  gave  0.6 
gram  of  the  hexabrom  ether,  or  67  per  cent  of  the  theoretical 
yield. 

Phenylhydrazine,  in  benzene  solution,  also  converted  the 
heptabrom  hemiether  into  the  hexabromdihydroxy  ether, 
which,  in  this  case,  appeared  in  pink  plates  looking  like  mica 
and  was  recognized  by  its  properties.  It  was  mixed  with 
white  needles  of  phenylhydrazine  hydrobromide. 

Trihenzoylhepia hromdihydroxypyrocatechin  Hemiether, 
CeBr,(0C0C«H,)0.QBr,(0C0C,H3),.— Although  acetyl  chlor- 
ide gave  the  hexabrom  ether,  benzoyl  chloride  converted  the 
heptabromorthoquinopyrocatechin  hemiether  into  its  triben- 
zoyl  derivative.  For  this  purpose  4  grams  of  the  hemiether 
were  boiled  with  10  grams  of  benzoyl  chloride,  for  i  hour.  The 
red  solution  at  first  gave  off  red  fumes  which  bleached  moist 
litmus  paper  and,  therefore,  contained  bromine,  probably 
mixed  with  chlorine.  After  10  or  15  minutes  the  evolution  of 
these  fumes  ceased,  and  at  the  end  of  the  hour  the  solution,  on 
cooling,  deposited  a  white,  crystalline  mass,  which  was  washed 
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thoroughly  with  hot  water  to  remove  benzoyl  chloride,  and 
then  crystallized  repeatedly  from  benzene  until  it  showed  the 
constant  melting  point  294°-296°,  when  it  was  dried  at  95°  for 
analysis.  The  specimen  used  for  the  combustion  was  boiled  a 
second  time  with  benzoyl  chloride  and  purified  as  before. 

I.  0.3098  gram  substance  gave  0.4042  gram  CO,  and  0.0382 
gram  H^O. 

II.  0.2484  gram  substance  gave  0.3072  gram  AgBr. 

Calculated  for  Found. 

C6Br4(OCOCaH6)O.C6Br3(OCOC6H6)2.        I.  II. 

C  36.56  35-58  .    . 

H  1.38  1.38  .    . 

Br  51-71  •    •  52.62 

These  results  seem  to  indicate  that  our  product  contained  an 
impurity  of  a  dibenzoyl  compound,  but  the  case  is  probably 
not  so  simple  as  this,  since  bromine  was  given  off  in  the  forma- 
tion of  the  substance  and,  therefore,  the  chlorine  set  free  by 
the  action  of  the  quinone  on  benzoyl  chloride  must  have  re- 
placed the  bromine  in  part  of  the  hemiether,  although,  as  the 
analyses  show  no  trace  of  the  presence  of  a  chlorine  compound, 
this  must  have  been  removed  by  the  recrystallization. 

Properties  of  the  Trihenzoyl  Compound. — It  crystallizes  from 
benzene  in  small,  flat,  transparent  plates,  which  melt  at  294"- 
296°,  apparently  without  decomposition.  This  somewhat  in- 
definite melting  point  is  in  accord  with  our  theory  that  the 
substance  was  contaminated  with  the  dibenzoyl  compound.  It 
is  soluble  in  benzene  or  nitrobenzene  ;  sparingly  soluble  in 
alcohol ;  essentially  insoluble  in  ligroin  or  water. 

Action  of  Benzoyl  Chloride  on  Tetrahromorthoquinone. — Eight 
grams  of  the  quinone  were  boiled  for  2  hours  with  20  grams  of 
benzoyl  chloride.  The  solution  at  first  was  red  and  gave  off 
red  vapors  which  bleached  moist  litmus  paper,  but  after  10 
minutes  boiling  the  red  vapors  ceased  to  appear  and  the  liquid 
had  become  colorless.  Nothing  separated  on  cooling,  there- 
fore the  benzoyl  chloride  was  distilled  off  with  steam  and  the 
white  crystalline  residue,  well  washed  with  hot  water,  was 
purified  by  recrystallization  from  a  mixture  of  i  part  of  ben- 
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zene  and  2  of  ligroin  until  it  showed  the  constant  melting  point 
I72°-I74°,  when  it  was  dried  at  95°  for  analysis. 
0.2266  gram  substance  gave  0.2665  gram  AgBr, 

Calculated  for 
CeBr4(OCOC6H5)2.  Found. 

Br  50.47  50.05 

This  analysis  would  make  the  substance  tetrabrompyro- 
catechin  dibenzoate,  but  it  melted  at  i72°-i74°,  whereas  the 
real  melting-point  of  this  compound  is  197°,  as  shown  in  the 
following  section.  This  large  difference  in  the  melting  point 
would  indicate  a  larger  amount  of  impurity  than  is  shown  by 
the  analysis,  so  that  we  are  unable  to  account  for  this  anomaly, 
which  is  rendered  still  more  puzzling  by  the  facts  that  the 
melting  point,  I72°-I74°,  although  not  sharp,  was  constant 
and  the  crystals  appeared  homogeneous  under  the  microscope. 

Dihenzeate  of  Tetrahrompyrocatechin,  CgBr/OCOCgHJ^, — 
Five  grams  of  tetrahrompyrocatechin  were  heated  for  7  hours 
with  10  grams  of  benzoyl  chloride.  The  product  was  purified 
as  described  in  the  preceding  section,  and  showed  the  constant 
melting-point  197°. 

o.  1814  gram  substance  gave  0.2153  gram  AgBr. 

Calculated  for 
C6Br4(OCOCcH6)o.  Found. 

Br  50.47  50.52 

Properties  of  Tetrahrompyrocatechindihenzoate. — It  crystal- 
lizes in  transparent,  square  plates  from  a  mixture  of  benzene 
and  ligroin,  and  melts  at  197°  to  a  colorless  liquid.  It  is  solu- 
ble in  benzene,  or  chloroform  ;  slightly  soluble  in  hot  alcohol, 
methyl  alcohol,  or  benzene  ;  insoluble  in  ligroin. 

If  the  tetrahrompyrocatechin  was  boiled  gently  with  benzoyl 
chloride  for  only  5  or  10  minutes  instead  of  several  hours,  a 
different  product  was  obtained,  which,  after  the  usual  purifica- 
tion, melted  at  2i5°-2i6°  and,  judging  from  a  single  analysis, 
was  an  impure  monobenzoate  of  tetrahrompyrocatechin,  as  this 
would  contain  60.36  per  cent  of  bromine  and  we  found  63.36 
per  cent.  It  crystallized  from  hot  benzene  in  long,  white 
needles.  The  substance  was  not  of  sufiicient  importance  to 
make  it  worth  while  to  prepare  it  in  a  state  of  purity. 
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Action  of  Hot  Acetone. — One  gram  of  tetrabromorthoquinone, 
dissolved  in  i  gram  of  hot  acetone,  was  heated  for  an  hour  on 
the  steam-bath.  The  only  solid  product  seemed  to  be  the  bril- 
liant red  hexabromorthoquinopyrocatechin  ether.  The  vapor 
from  the  acetone  was  exceedingly  irritating  to  the  eyes  and  on 
adding  water  a  heavy,  dark  colored  oil,  probably  bromacetone, 
was  precipitated. 

Action  of  Acetophenone  on  Tetrabromorthoquinone. — In  our 
experiments  on  the  action  of  cold  acetophenone  on  tetra- 
bromorthoquinone we  used  either  equal  weights  of  the 
two  substances  or  twice  as  much  of  the  ketone  as  of 
the  quiuone.  During  the  second  and  third  days  of  stand- 
ing red  crystals  of  the  quinone  with  acetophenone  of  crys- 
tallization^ were  deposited,  but  on  longer  standing  they  re- 
dissolved,  and  at  the  end  of  a  week  red  and  yellow  crystals  ap- 
peared, which,  after  a  month,  were  followed  by  brown  needles. 
These  three  products  proved  to  be  the  same  as  those  formed 
with  acetone,  that  is  CeBr^O^.  CgBr.O^,  CeBrA-CfiBr/OH),  and 
C6Br,(OH)O.CeBr30„  of  which  the  last  is  formed  in  by  far  the 
largest  quantity  and,  if  the  acetophenone  is  diluted  with  ben- 
zene, this  seems  to  be  the  only  aromatic  product  of  the  reac- 
tion, as  was  the  case  with  acetone.  After  these  products  be- 
gan to  form  the  vapors  from  the  solution  became  very  irrita- 
ting to  the  eyes,  though  not  so  much  so  as  in  the  case  of  ace- 
tone, which  is  undoubtedly  due  to  the  slighter  volatility  of  the 
acetophenone  derivative.  In  order  to  determine  the  nature  of 
this  irritating  substance,  part  of  the  filtrate  from  a  mixture, 
which  had  deposited  crystals  of  heptabromorthoquinopyro- 
catechin  hemiether,  was  allowed  to  evaporate  spontaneously ; 
the  residue  consisted  of  crystals  which  melted,  in  the  crude 
state,  at  45°-48°,  whereas  the  w-bromacetophenone  melts  at 
50°.  The  rest  of  the  filtrate  was  mixed  with  4  volumes  of 
aniline  and  4  of  alcohol  and  allowed  to  stand  over  night,  when 
it  deposited  long,  yellow  needles  which,  after  recrystallization 
from  alcohol,  melted  at  g^°  (the  melting  point  of  w-aceto- 
phenoneanilid  is  93°).  It  follows,  therefore,  that  the  irrita- 
ting substance  was  w-bromacetophenone,  CgH^COCHjBr. 

1  Jacltson  and  Porter:  This  Journal,  31,  116  (1904). 
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When  I  gram  of  diethylketone  was  allowed  to  stand  with  i 
gram  of  the  quinone,  the  red  product  appeared  in  2  days,  the 
yellow  in  6,  and  the  brown  needles  in  10.  When  the  mixture 
was  diluted  with  benzene,  the  yellow  body  alone  was  formed  in 
20  days.  Mesityl  oxide,  with  half  its  weight  of  the  quinone, 
gave  the  red  crystals  with  some  of  the  yellow  product  in  6 
days,  and  on  longer  standing  a  blackish  brown  mass.  With 
benzene  the  yellow  product  was  formed  after  2  weeks. 

Beuzophenone,  allowed  to  stand  with  its  own  weight  of 
tetrabromorthoquinone,  at  70^-80°,  gave  no  crystalline  product 
even  after  3  months,  and  the  same  negative  result  was  ob- 
tained when  the  mixture  was  dissolved  in  benzene;  when  i 
gram  of  each  was  dissolved  in  five  grams  of  chloroform,  0.5 
gram  of  heptabromorthoquinopyrocatechin  hemiether  was  ob- 
tained after  3  mouths.  This  result,  however,  we  think  was 
due  to  the  action  of  the  chloroform  rather  than  to  that  of  the 
beuzophenone. 

Action  of  Bromine  and  Acetone  upon  the  Tetrabromorthoqui- 
none.— The  following  experiments  throw  some  light  on  the 
nature  of  the  reaction.  One  gram  of  tetrabromorthoquinone 
mixed  with  0.5  gram  of  acetone  and  2  drops  of  bromine,  after 
standing  over  night,  was  converted  completely  into  the  red  and 
yellow  products  mixed  with  a  little  of  the  brown.  A  similar 
experiment  without  bromine  (5  grams  of  quinone  with  2.5 
grams  acetone)  did  not  act  for  24  hours,  and  the  action  was 
complete  only  in  60  hours,  the  product  being  principally  the 
yellow  compound. 

A  solution  of  i  gram  of  the  quinone  in  5  grams  of  benzene, 
with  0.5  gram  acetone  and  3  drops  of  bromine,  changed  color 
in  I  night  from  red  to  straw-yellow,  and  left,  on  evaporation, 
crystals  of  the  yellow  product  with  white  needles  melting  at 
i88°-i90°,  which  gave  a  yellow  solution  with  sodic  hydrate 
and  a  red  product  with  nitric  acid  ;  they  were,  therefore, 
tetrabrompyrocatechin  (melting  point  187°,  Stenhouse;  192°- 
193°,  Zincke).  In  the  corresponding  experiment  without  bro- 
mine, using  10  grams  of  benzene  instead  of  5  grams,  the  reaction 
did  not  begin  until  the  mixture  had  stood  10  days,  and  was 
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complete  in  a  fortnight,  the  product  being  the  heptabromortho- 
quinopyrocatechin  hemiether  with  no  tetrabrompyrocatechin. 
It  is  evident,  from  these  experiments,  that  the  reactions  run 
much  more  rapidly  and  further  in  presence  of  bromine  than 
without  it,  which  we  ascribe  to  the  reducing  action  of  the  hy- 
drobromic  acid  formed  in  large  quantity  by  the  action  of  the 
bromine  on  the  acetone. 

Corresponding  experiments  with  hexabromorthoquinopyro- 
catechin  ether  first  made  plain  the  properties  of  the  dihydroxy 
compound  formed  from  it  by  reduction,  and  thus  enabled  us  to 
recognize  as  this  body  the  blackish-brown  product  of  the  action 
of  acetone  on  tetrabromorthoquinone.  Two  grams  of  the  red  hex- 
abrom  ether  were  mixed  with  30  grams  of  acetone  and  3  grams 
of  bromine,  and  shaken  until  the  reaction  had  taken  place.  If 
the  shaking  was  omitted  the  ether  collected  in  lumps,  and  the 
reagents  then  acted  only  superficially  and,  therefore,  incom- 
pletely. After  half  an  hour  the  red  ether  was  converted  en- 
tirely either  into  white,  fibrous  needles,  or  brown  plates  like 
mica,  the  yield  in  either  case  being  90  per  cent  of  the  red  ether 
taken.  In  spite  of  many  experiments  we  have  not  succeeded 
in  determining  the  conditions  which  favored  the  formation  of 
either  of  these  products,  except  that  the  needles  seemed  to  be 
more  commonly  formed  when  the  proportion  of  acetone  was 
large. 

The  two  products,  in  spite  of  the  difference  in  their  appear- 
ance, proved  to  be  identical.  If  recrystallized  from  alcohol,  in 
which  they  are  sparingly  soluble,  the  white  needles  matting 
together  like  asbestos  were  obtained.  If  crystallized  from 
nitrobenzene,  each  gave  the  brown  plates  like  mica.  Both 
decomposed  at  3o6°-307°,  and  gave  the  following  results  on 
analysis,  in  which  I.  was  a  specimen  of  the  brown  plates,  and 
II.  of  the  white  needles,  each  recrystallized  from  nitrobenzene, 
and  dried  at  95°. 

I.  0.1537  gram  of  substance  gave  0.2526  gram  AgBr. 

II.  0.1226  gram  substance  gave  0.2006  gram  AgBr. 


Br 


Calculated  for 

Found. 

C6Br402.C6Br2(0H)2. 

I 

II. 

69.56 

69. 

93 

69.63 

Derivatives  of  Tetrabromorthohenzoquinone.  173 

For  still  greater  certainty  it  was  converted  into  the  mono- 
benzoyl  ester  by  the  action  of  benzoyl  chloride. 
0.1 1 99  gram  substance  gave  0.17 14  gram  AgBr. 

Calculated  for 
C6Br40o.C6Bro(OH)OCOC6H5.  Found. 

Br  60.45  60.82 

Action  ofAldehyds  onTetrabromorthoquinone. — Only  two  alde- 
hyds  were  tried,  oenanthol  as  a  fat  aldehyd  and  benzaldehyd 
to  represent  the  aromatic  series.  As  they  gave  essentially  the 
same  results  as  the  ketones,  we  thought  it  not  worth  while  to 
multiply  experiments. 

One  gram  of  the  quinone,  after  standing  for  2  days  with  2.5 
grams  of  oenanthol,  deposited  red  and  yellow  crystals  of  hexa- 
bromorthoquinopyrocatechin  ether  and  heptabromorthoquino- 
pyrocatechin  hemiether,  and  after  6  days  the  whole  of  the 
quinone  had  been  converted  into  these  products.  One  gram  of 
the  quinone  with  0.5  gram  of  oenanthol  and  5  grams  of  benzene 
gave,  after  20  days,  the  yellow  product  unmixed  with  any  of 
the  red. 

One  gram  of  the  tetrabromorthoquinone  stood  with  2  grams 
of  benzaldehyd.  After  3  days  the  red  color  of  the  solution 
changed  to  straw-yellow,  and  the  crystals  of  benzoic  acid 
formed  were  colored  yellow.  After  removing  the  benzoic  acid 
with  hot  water,  a  mixture  of  the  yellow  and  red  products  so 
often  mentioned  was  obtained.  The  brown  product  was  not 
obtained  from  either  aldehyd,  but  probably  would  have  been 
formed  if  the  action  had  continued  longer. 

Octobromorthoquinhydrone,  CeBr,0,.C6Br/OH)2.H,0.  —  This 
substance  was  prepared  by  Zincke,^  but  not  analyzed  or  studied 
by  him.  He  made  it  by  mixing  equal  parts  of  tetrabrompyro- 
catechin  and  tetrabromorthoquinone,  dissolved  in  benzene  or 
ether.  Our  preliminary  experiments  showed  that  chloroform 
gave  a  better  result  than  either  of  these  solvents,  as  the  prod- 
uct is  .so  soluble  in  ether  that  it  can  be  obtained  only  by  evapo- 
ration, which  is  always  accompanied  by  partial  decomposition, 
while  benzene  converts  it  into  heptabromorthoquinopyrocate- 
chin  hemiether  so  quickly  that  good  results  can  be  obtained 

1  Ber.  d.  chem.  Ges.,  30,  1778  (1887). 
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only  by  very  rapid  work.  Chloroforin,  on  the  other  hand,  gave 
the  substance  in  a  pure  state,  without  difficulty,  by  the  follow- 
ing process  :  Equal  parts  of  tetrabromorthoquinone  and  tetra- 
brompyrocatechin  were  dissolved,  separately,  in  the  least  possi- 
ble quantity  of  hot  chloroform,  the  solutions  mixed  and  im- 
mediately cooled,  when  long  black  crystals  were  deposited, 
which,  after  pressing  between  filter  paper,  were  dried  in  vacuo 
for  analysis.  Analysesl.,  II.,  III.  and  IV.  That  the  solvent 
did  not  influence  the  nature  of  the  product  is  shown  by  Analyses 
V. ,  and  VI.  which  were  made  with  specimens  prepared  from  hot 
benzene,  to  which  its  own  volume  of  ligroin  had  been  added  be- 
fore cooling. 

I-  0.6553   gram  of  substance   gave  0.3982  gram  COj  and 
0.0454  gram  H^O. 

II.  0.3194  gram  substance  gave  0.5560  gram  AgBr. 

III.  0.1817  gram  gave  0.3161  gram  AgBr. 

IV.  0,2405  gram  gave  0.4183  gram  AgBr. 
V.  0.2410  gram  gave  0.4169  gram  AgBr. 

VI.  0.2736  gram  gave  0.4737  gram  AgBr. 

Found. 
I.  III.  IV.  v.  VI. 


Calculated  for 

Ci2Br804H„.H20. 

I. 

c 

16.60 

16.58 

H 

0.46 

0.78 

Br 

73-70 

74.08    74.04    74.03    73.62    73.69 


The  substance,  therefore,  is  not  the  expected  quinhydrone 
which  requires  16.94  C,  and  75.40  Br,  but  this  substance  com- 
bined with  I  molecule  of  water.  We  were  led  to  this  conclu- 
sion by  the  following  considerations:  The  anomalous  results 
given  above  were  not  caused  by  impurities  in  the  tetrabrom- 
orthoquinone or  tetrabrompyrocatechin  used,  since  analyses  of 
these  compounds  showed  they  were  pure.  The  low  result  on 
the  bromine  was  not  due  to  a  loss  of  hydrobromic  acid,  or  bro- 
mine, since  we  passed  air  for  15  minutes  through  a  boiling 
benzene  solution  of  equal  parts  of  tetrabromorthoquinone  and 
tetrabrompyrocatechin,  during  which  time  the  air  gave  no  reac- 
tion with  moist  litmus  paper  and  no  precipitate  with  a  solu- 
tion of  argentic  nitrate,  whereas,  in  the  formation  of  the  quin- 
hydrone, the  solutions  were  not  boiling  for  more  than  i  minute. 
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If  the  experiment  described  above  was  continued  for  more  than 
15  minutes  hydrobromic  acid  was  given  off,  but  its  evohition 
was  accompanied  by  the  formation  of  heptabrompyrocatechin 
hemiether.  As  there  was  no  loss  of  bromine  or  hydrobromic 
acid  in  the  formation  of  the  quinhydrone,  the  low  results  in 
the  analyses  must  be  due  to  the  addition  of  some  substance, 
and  as  the  same  product  was  obtained  from  chloroform  and 
benzene  solutions,  this  substance  must  be  water.  Such  an  addi- 
tion of  water  is  not  without  analogy,  as  Porter  and  one  of  us^ 
obtained  a  water  compound,  (CgBr^02)2.H20,  by  the  action  of 
ordinary  benzene  or  toluene  on  tetrabromorthoquinone. 

In  the  hope  that  a  mixture  of  chloroform  and  an  alcohol 
might  cause  the  addition  of  the  alcohol  instead  of  water,  a  new 
specimen  of  the  quinhydrone  was  made  with  a  washed  sample 
of  chloroform,  dried  over  calcic  chloride  and  then  mixed  with 
5  per  cent  of  isoamyl  alcohol.     This  gave  the  following  result : 

0.3142  gram  substance  gave  0.5469  gram  AgBr. 


Calculated  for 
Ci2Br804H2.H20. 

Found. 

73-70 

74.08 

Br 

This  specimen,  therefore,  has  also  taken  up  water  and  we 
can  infer  from  this  experiment  that  the  quinhydrone  has  little 
or  no  tendency  to  combine  with  alcohols. 

The  analytical  results  given  above  cannot  show  in  what  pro- 
portion the  two  constituents  exist  in  the  quinhydrone  ;  this 
was  done,  therefore,  by  the  following  synthetic  experiments  : 

1.  Two  grams  of  tetrabromorthoquinone  and  2  grams  of 
tetrabrompyrocatechin  were  dissolved  in  10  grams  of  hot  chloro- 
form, mixed  and  cooled.  Nearly  2  grams  of  the  black  quin- 
hydrone crystals  were  deposited  and  the  mother  liquor,  when 
evaporated  by  a  stream  of  dry  air,  gave  only  black  crystals 
with  no  sign  of  either  of  the  components. 

2.  Two  grams  of  the  quinone  and  i  gram  of  the  pyrocatechin, 
treated  in  the  same  way,  gave  i  gram  of  black  quinhydrone 
crystals  and  the  mother  liquor,  on  evaporation,  showed  that  an 
excess  of  the  quinone  was  present. 

3.  Two  grams  of  the  quinone  with  4  grams  of  the  pyro- 

1  This  Journal,  31,  109  (1904). 
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catechin  gave  3  grams  of  quinhydrone  crystals  and  the  mother 
liquor  contained  an  excess  of  the  pyrocatechin. 

These  experiments  show  that  i  molecule  of  the  tetrabrom- 
pyrocatechin  combines  with  i  molecule  of  the  tetrabromortho- 
quinone  to  form  the  quinhydrone,  which,  therefore,  has  the 
formula  CgBr^02.CgBr^02H2.H20  assigned  to  it  earlier. 

Properties  of  the  Octohromorthoquinhydrone. — 1\  is  deposited 
from  its  hot  solution  in  chloroform  in  shining  black  needles, 
or  slender  prisms,  sharply  pointed  at  one  end  and  often  more 
than  I  cm.  long.  When  heated  to  110°  it  turns  brown  with- 
out melting,  and  it  was  found  that  this  change  of  color  was  at- 
tended with  a  loss  in  weight. 

1.4877  grams  substance,  heated  to  110°  for  6  hours,  lost 
0.1050  gram. 

Calculated.  Found. 

Br+H,0  8.22  7.05 

The  brownish  red  residue,  on  crystallization  from  benzene, 
was  found  to  contain  heptabromorthoquinopyrocatechin  hemi- 
ether,  C6Br,(OH)O.C6Br302,  and  tetrabrompyrocatechin.  The 
most  probable  reaction  for  the  formation  of  these  two  sub- 
stances would  be 

3CeBr,(OH),.CgBrA.H,0     = 

2Ci,Br,0,H  +  2CeBr,(0H),  +  Br,  +  aH.O. 

The  loss  of  Br^  +  H^O  calculated  for  this  reaction  is  given 
under  the  head  "calculated"  above,  and  agrees  perhaps  as  well 
as  could  be  expected  with  the  amount  found. 

The  quinhydrone  is  freely  soluble  in  ether  ;  soluble  in  cold 
chloroform,  more  soluble  in  hot  ;  rather  more  soluble  in  ben- 
zene than  in  chloroform  ;  slightly  soluble  in  ligroin  ;  insoluble 
in  water.  Of  all  these  solvents  chloroform  is  the  best,  as  the 
substance  can  be  recrystallized  from  it,  if  the  work  is  carried 
on  quickly  enough,  although  by  long  standing  with  chloro- 
form the  quinhydrone  is  converted  into  heptabromorthoquino- 
pyrocatechin  hemiether  and  tetrabrompyrocatechin.  This 
change  takes  place  much  more  rapidly  in  benzene  solution,  so 
that  it  is  hard  to  get  crystals  of  quinhydrone,  free  from  these 
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impurities,  when  benzene  is  used  in  its  preparation.  Cold  ben- 
zene brings  about  the  change  in  2  or  3  weeks,  but  with  boiling 
benzene  it  was  found  to  be  complete  in  3  hours. 

To  study  this  reaction  more  carefully  2  grams  of  tetrabrom- 
orthoquinone  and  2  grams  of  tetrabrompyrocatechin  were 
boiled  for  5  hours,  with  10  grams  of  benzene,  when,  on  evap- 
orating off  the  solvent,  good  crystals  of  the  hemiether  and  of 
tetrabrompyrocatechin  were  obtained.  To  determine  the 
amount  of  each  the  residue  was  boiled  with  dilute  alcohol  for 
I  hour,  which  converted  the  hemiether  completely  into  the  in- 
soluble hexabromorthoquinopyrocatechin  ether, 

CgBrA-CeBrA- 

This  was  filtered  out  and  found  to  weigh  2  grams  ;  and  upon 
adding  water  to  the  filtrate,  1.5  grams  of  tetrabrompyrocatechin 
were  obtained.     The  reaction  given  earlier, 

3C,Br,(0H),.C,BrA-H,0     - 

2C,,BrAH  +  2CeBr,(0H),  +  Br,  +  3H,0, 

followed  by  the  conversion  of  the  hemiether  into  the  complete 
ether,  CgBr^.CgBrjOj,  requires  2. 11  grams  of  this  from  4 
grams  of  the  quinhydrone  and  1.31  grams  of  tetrabrompyro- 
catechin :  our  numbers  (2  grams  and  1.5  grams)  are  as  near  as 
we  could  expect  with  the  rough  methods  of  determination 
used. 

When  hot  alcohol  is  used  as  a  solvent  for  the  quinhydrone, 
the  decomposition  goes  to  the  formation  of  the  red  hexabrom 
ether  mentioned  above.  If  the  quinhydrone  was  allowed  to 
stand  with  alcohol  in  the  cold,  small  red  needles  were  obtained, 
probably  the  compound  (C6Br^02)5.C2H50H,  colored  red  by  the 
hexabrom  ether.  Methyl  alcohol,  propyl  alcohol,  or  isopro- 
pyl  alcohol  gave  yellow  or  white  crystals  under  these  condi- 
tions, which  were  not  examined,  as  they  were  supposed  to  be 
impure  specimens  of  the  corresponding  a-bodies. 

The  quinhydrone  was  not  reduced  by  aqueous  sulphurous 
acid,  probably  on  account  of  its  insolubility  in  water,  but  by 
passing  sulphurous  dioxide  into  a  solution  of  it  in  ordinary 
benzene,    tetrabrompyrocatechin   was    obtained.      When   the 
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quinhydrone  was  boiled  for  15  minutes  with  acetic  anhydride, 
the  deep  red  color  of  the  solution  gradually  turned  to  light 
yellow  and  the  product,  after  boiling  with  water  and  recrystal- 
lization  from  benzene,  showed  the  constant  melting  point  214° 
and  was,  therefore,  the  diacetate  of  tetrabrompyrocatechin. 

Tetrahrompyrocatechin  Diacetate,  CgBr^O/CjHjO)^.  —  This 
substance  was  made  as  follows,  for  comparison  with  products 
from  other  reactions  :  Five  grams  of  tetrabrompyrocatechin 
were  boiled  for  i  hour,  with  15  grams  of  acetic  anhydride. 
On  cooling,  large  colorless  plates  were  deposited,  which  were 
purified  by  recrystallization  from  benzene  till  they  showed  the 
constant  melting  point  2i5°-2i6°,  when  they  were  dried  at  g^^ 
for  analysis  : 

0.271 1  gram  substance  gave  0.4024  gram  AgBr. 


Calculated  for 
C6Br4(0C„H30)2. 

Found. 

62.73 

63.18 

Br 

Properties. — It  crystallizes  from  benzene  in  colorless,  square 
plates,  which  melt  at  2i5°-2i6°  to  a  colorless  liquid.  It  is 
soluble  in  chloroform  whether  cold  or  hot  ;  slightly  soluble  in 
alcohol,  benzene,  or  ether  when  cold,  soluble  in  these  solvents 
when  hot ;  essentially  insoluble  in  water  or  ligroin. 

Tetrabromorthoquinone  and  Organic  Acids. — In  taking  up  this 
puzzling  subject  we  tried  first  to  obtain  from  the  action  of 
warm  acetic  acid  on  tetrabromorthoquinone  Koch's^  white 
product,  Cj^H^BrgOg,  which  melts  at  230°  to  a  colorless  liquid, 
a  fact  which  we  confirmed  with  a  specimen  left  from  his  re- 
search. Porter,^  who  repeated  Koch's  process  as  nearly  as 
possible,  obtained  yellowish  white,  eflflorescent,  rectangular 
plates  or  prisms,  melting,  to  a  red  liquid,  at  220°-230°,  and  con- 
taining over  2  per  cent  less  bromine.  In  addition  to  many  unsuc- 
cessful preliminarj'  experiments,  we  tried  two  on  a  large  scale  in 
which  the  utmost  care  was  taken  to  have  the  conditions  the 
same  as  those  used  by  Koch,  but  in  each  case  the  whole  white 
crude  product  was  converted  into  the  red  hexabromorthoquino- 
pyrocatechin  ether  during  the  crystallization. 

1  This  Journal,  26,  42  (1901). 
^  Ibid.,  31,  114  (1904). 
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Accordingly,  in  a  third  experiment,  we  changed  the  method 
of  purification,  which  consisted,  according  to  Koch,  in  extract- 
ing the  crude  product  with  200  cc.  of  hot  alcohol,  filtering  hot, 
and,  after  it  had  cooled,  filtering  again  ;  then  the  filtrate  was 
diluted  with  200  cc.  of  water,  and  the  white  precipitate  re- 
crystallized  from  glacial  acetic  acid,  until  it  showed  the  constant 
melting  point  230°.  We  now  recrystallized  the  white  precipi- 
tate, thrown  down  by  water,  from  benzene  instead  of  acetic  acid, 
and  obtained  long,  yellow  needles  which  decomposed,  with  red- 
dening, at  235°-25o°,  Analysis  I.  In  a  fourth  experiment  the 
crude  product  was  purified  only  by  crystallization  from  ben- 
zene, without  the  use  of  alcohol  or  acetic  acid.  The  substance 
obtained  in  this  way  also  crystallized  in  long,  yellow  needles, 
and  decomposed,  with  reddening,  at  235°-25o°.  Analysis  II. 
I.  0.2430  gram  substance  gave  0.4202  gram  AgBr. 

II.  0.1806  gram  substance  gave  0.3102  gram  AgBr. 

Found. 
I.  II. 

Br  73.58  73.11 

These  results  show  that  the  two  products  are  the  same,  but 
different  from  that  of  Koch  (71.45  per  cent  Br)  or  of  Porter 
(69.26  per  cent  Br).  The  nature  of  our  compound  will  be 
discussed  later,  after  we  have  described  other  ways  in  which  it 
was  obtained. 

The  following  experiments,  in  which  the  conditions  of  the 
reaction  were  somewhat  varied,  gave  difilerent  results.  Ten 
grams  of  tetrabromorthoquinone  were  dissolved  in  20  grams  of 
acetic  acid,  and  heated  in  an  Erlenmeyer  flask,  on  the  steam- 
bath,  until  all  the  acid  had  evaporated;  the  product  was  essen- 
tially pure  heptabromorthoquinopyrocatechin  hemiether,  which 
was  produced  by  the  longer  action  of  the  warm  acetic  acid 
during  its  evaporation  from  the  Erlenmeyer  flask  instead  of 
the  evaporating  dish  used  in  the  earlier  experiments.  Five 
grams  of  the  quinone  were  boiled,  for  7  hours,  with  15 
grams  of  acetic  acid  ;  the  solution,  on  evaporation,  yielded  a 
yellow  mass  containing  white  needles  of  tetrabrompyrocatechin. 
The  more  complete  reduction  in  this  case  was  evidently  due  to 
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the  higher  temperature  at  which  the  reaction  took  place,  118" 
instead  of  100°, 

We  also  studied  the  action  of  cold  acetic  acid  on  tetrabrom- 
orthoquinone.  Ten  grams  of  it  were  allowed  to  stand  in  a 
corked  flask,  at  ordinary  temperature,  with  20  grams  of  glacial 
acetic  acid.  In  2  weeks  thick  prisms  had  formed,  some  of 
which  were  yellow,  others  red,  but  we  do  not  think  these  were 
the  two  products  of  Porter,^  as  the  yellow  prisms  were  evi- 
dently the  final  product  about  to  be  described,  and  the  red 
looked  like  tetrabromorthoquinone  crystallized  from  acetic 
acid.  After  standing  for  2  months  only  one  substance  re- 
mained which  crystallized  in  well  characterized,  light  yellow, 
thick  prisms  or  rhombic  plates.  We  have  repeated  this  ex- 
periment 12  times,  and  in  each  case  obtained  this  product  and 
no  other.  Some  of  it  was  recrystallized  from  glacial  acetic 
acid,  and  dried  at  about  50°  for  analysis,  during  which  drying  it 
lost  no  weight. 

I.  0.3466  gram  of  substance  gave  0.2716  gram  COj  and 
0.0426  gram  H^O. 

II.  0.2491  gram  of  substance  gave  0.3583  gram  AgBr. 

III.  0.2915  gram  of  substance  gave  0.4198  gram  AgBr. 


Calculated  for 

Found. 

(C6Br402)2. 

(C2H402)3. 

I. 

11. 

c 

21 

.02 

21.37 

.     . 

H 

I 

.17 

i.37 

Br 

62, 

,24 

61.22 

61.30 

The  results  agree  better  with  the  formula  given  than  with 
any  other  we  could  find.  As  it  did  not  melt,  we  had  no 
criterion  of  purity  for  it,  but  the  large  homogeneous  crystals 
indicate  that  it  was  not  very  impure,  and  the  fact  that  we  ob- 
tained it  from  12  different  preparations  is  good  evidence  that 
it  is  a  definite  compound.  Many  attempts  were  made  to  deter- 
mine the  amount  of  acetic  acid  contained  in  the  substance  by 
titration  with  a  sodic  hydrate  solution,  but  no  constant  results 
were  obtained  in  water,  alcohol  or  benzene.  The  numbers 
varied  between  19  and  24  per  cent,  whereas  the  formula  given 
above  requires  17.51  per  cent. 

1  See  the  introduction. 
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Properties. — The  addition  compound  of  tetrabromorthoqui- 
none  and  acetic  acid  crystallizes  in  nearly  square,  white,  rhom- 
bic plates  from  glacial  acetic  acid.  As  obtained  at  first  it  fre- 
quently forms  thick,  square  prisms  of  a  pale  yellow  color.  It 
does  not  melt  under  300°,  but  gradually  turns  red  when  heated, 
although  stable  at  50°.  It  is  soluble  in  alcohol,  ether,  ben- 
zene, or  chloroform ;  very  slightly  soluble  in  cold  acetic  acid, 
moderately  soluble  in  it  when  hot ;  insoluble  in  water,  or 
ligroin.  Strong  nitric  acid  does  not  act  on  it.  Sodic  hydrate, 
in  aqueous  solution,  turns  it  white,  but  does  not  dissolve  it. 
As  stated  already,  part  of  the  sodic  hydrate  is  neutralized  by 
the  action  of  this  body  upon  it.  As  we  thought  it  might  be 
an  a-body,  we  tried  the  various  methods  for  converting  an  a- 
into  a  /?-body,  but  boiling  with  acetic  acid,  heating  with  acetic 
anhydride  and  sodic  acetate,  or  boiling  with  dilute  sodic  hy- 
drate brought  about  no  such  conversion. 

Crystallization  from  benzene  decomposed  the  addition  com- 
pound (CgBr^Oj2.(C2H^02)3  as  shown  by  the  following  bromine 
determinations:  The  original  substance,  61.30  per  cent;  after 
I  crystallization,  70.52  per  cent ;  after  4,  71.73  per  cent ;  after 
ID  crystallizations,  73.16  per  cent.  This  final  product  is  evi- 
dently identical  with  the  substances  obtained  by  the  action  of 
warm  acetic  acid  followed  by  crystallization  from  benzene, 
which  contained  73.58  and  73.11  per  cent  of  bromine,  since 
all  of  them  consist  of  long,  yellow  needles,  decomposing  at  235°- 
250°.  It  gave  the  following  results  on  analysis,  but  there  is 
some  doubt  whether  the  specimen  analyzed  for  C  and  H  had 
been  recrystallized  as  often  as  that  used  for  Br. 

I.  0.3088  gram  substance  gave  0.2194  gram  CO^  and  0.0137 
gram  HjO. 

II.  0.2872  gram  substance  gave  0.4937  gram  AgBr. 


c  19.37 

H  0.50  .    . 

Br  .    .  73.16 

As  the  same  compound  was  obtained  with  formic  acid,  the 
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discussion  of  its  formula  is  given  after  all  the  analytical  data 
have  been  presented. 

Action  of  Other  Organic  Acids  with  Tetrabromorthoquinone. — 
If  the  quinone  was  warmed  with  formic  acid,  in  an  Erlenmeyer 
flask,  on  the  steam-bath,  in  about  15  minutes  it  was  converted 
into  heptabromorthoquinopyrocatechin  hemiether. 

Two  grams  of  the  quinone,  mixed  with  10  grams  of  formic 
acid,  were  allowed  to  stand,  at  ordinary  temperatures,  in  a 
corked  flask.  In  4  days  yellow  crystals  were  deposited  from 
the  red  solution  ;  in  10  days  the  solution  itself  had  turned  yel- 
low. The  product  was  recrystallized  3  times  from  benzene, 
which  did  not  alter  its  decomposition  point,  232°-234°.  In  ap- 
pearance and  properties  it  resembled  the  products  obtained 
from  acetic  acid  after  crystallization  from  benzene,  and  the 
analyses  showed  they  were  the  same. 

I.  0.2545  gram  substance  gave  0.1783  gram  CO2  and  o.oiio 
gram  H^O. 

II.  0.2716  gram  substance  gave  0.4717  gram  AgBr. 

III.  0.3186  gram  substance  gave  0.5525  gram  AgBr. 

Found. 
I.  II.  III. 

C  19.11  .  .   . 

H  0.48 

Br  .    .  73.91  73.81 

Analysis  II.  was  made  with  a  specimen  from  a  different  prep- 
aration from  that  used  for  I.  and  III.  As  this  substance  has 
been  obtained  also  by  3  somewhat  different  methods  with 
acetic  acid,  there  can  be  Httle  doubt  that  it  is  a  definite  com- 
pound. Its  percentage  composition  agrees  well  with  that 
for  the  ether  or  oxide  corresponding  to  the  heptabromortho- 
pyrocatechin  hemiether. 


Calculated  for 
(CeBriO.CcBraOs),^ 

Foi 
Formic  acid. 

und. 

Acetic  acid. 

c 

18.95 

19. II 

19-37 

H 

0.00 

0.48 

0.50 

Br 

73-69 

73-81     73.91 

73-16     73.58     73-11 

It  may,   therefore,    be   called   diheptabromorthoquinopyro- 
catechin  ether,  but  more  experimental  work  is  necessary  be- 
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fore  this  formula  can  be  considered  definitely  established. 
The  only  confirmatory  work  done  by  us  consisted  in  recrystal- 
lizinga  specimen,  made  with  acetic  acid,  from  benzene  12  times, 
when  it  seemed  to  be  partially  converted  into  the  heptabrom- 
orthoquinopyrocatechin  hemiether,  CgBr^(OH)O.C6Br302,  a  re- 
sult in  harmony  with  the  formula  proposed  above. 

Properties  of  Diheptabromorthoquinopyrocatechin  Ether. — It 
crystallizes  from  benzene  in  long,  yellow  needles,  which  turn 
white  on  long  exposure  to  the  air,  but  this  change  is  not  asso- 
ciated with  any  change  in  the  decomposition  point.  If  recrys- 
tallized  from  benzene,  the  white  crystals  become  yellow  again. 
When  heated  very  rapidly  from  temperatures  above  200°  it 
melts,  with  reddening,  between  235°-25o'';  232°-234°  was  the 
most  definite  temperature  observed,  but,  if  heated  slowly,  it 
turns  red  without  melting.  Its  solution  in  ether  or  alcohol 
yields  white  crystals,  although  alcohol  sometimes  converts  it 
into  a  brilliant  red  substance,  probably  the  hexabromortho- 
quinopyrocatechin  ether  ;  a  solution  in  benzene  or  carbonic  di- 
sulphide  gives  yellow  needles.  Aqueous  sodic  hydrate  dark- 
ens it. 

Propionic  acid,  butyric  acid,  or  isovalerianic  acid  gave,  with 
the  quinone  in  the  cold,  yellow  crystals,  apparently  the  same  as 
those  obtained  from  formic  acid,  but  the  following  analyses, 
made  after  crystallization  from  benzene,  indicate  that  these 
products,  if  the  same,  are  somewhat  impure  : 

Butyric  acid.  Isovalerianic  acid. 

C  20.03  20.88  20.47 

H  0.42  0.37  0.63 

Br  72.36  72.36 

Five  grams  of  the  quinone,  heated  on  the  steam-bath  with 
ID  grams  of  propionic  acid,  after  2  days  became  yellowish  red, 
and  deposited  a  mixture  of  the  heptabrom  hemiether, 

C«Br,(0H)0.CeBr30„ 
and  unaltered  tetrabromorthoquinone. 

Action  of  Bromine  and  Nitric  Acid  on  Tetrabromorthoquinone. 
— The  experiments  described  in  this  section  were  undertaken 
in  the  hope  of  making  an  addition  compound  of  tetrabrom- 
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orthoquinone  with  bromine  similar  to  those  obtained  from 
paraquinones  by  Nef/  and  we  had  good  hope  of  success  be- 
cause Zincke  and  Kiister^  have  made  a  hexachlororthobenzo- 
quinone,  but  none  of  our  experiments  gave  any  indication  of 
the  formation  of  such  a  compound.  Bromine,  in  chloroform 
solution,  had  no  action,  even  when  boiled  for  7  hours,  or  ex- 
posed to  sunlight  6  days. 

In  one  experiment,  to  be  sure,  thequinone  with  chloroform 
and  bromine,  heated  to  100°,  in  a  sealed  tube,  4  hours,  gave  a 
new  substance,  which,  however,  seemed  to  be  the  yellow  prod- 
uct described  later  and,  therefore,  not  a  bromide. 

When  tetrabromorthoquinone  was  heated  with  a  mixture  of 
fuming  nitric  acid  and  bromine,  2  new  compounds  were 
formed.  The  following  conditions  gave  good  results  :  Ten 
grams  of  tetrabromorthoquinone  were  mixed  with  50  cc.  of 
fuming  nitric  acid  and  5  cc.  of  bromine  and  the  mixture  heated 
in  an  Krlenmeyer  flask,  on  the  steam-bath,  until  the  bromine 
had  volatilized.  On  cooling,  large  yellow  plates  of  the  first 
compound  separated,  which  were  recrystallized  from  a  mixture 
of  I  part  of  benzene  and  i  of  ligroin,  until  they  showed  the 
constant  melting  point,  142°.  If  the  heating  was  continued 
longer  another  compound  was  formed,  which  was  white  and 
soluble  in  water  and  could,  therefore,  be  easily  separated  from 
the  insoluble,  yellow  product  by  washing.  The  same  substances 
were  obtained  by  the  action  of  fuming  nitric  acid  alone  on  the 
tetrabromorthoquinone,  the  necessary  bromine  being  furnished 
by  the  decomposition  of  part  of  the  quinone,  but  the  yield  in 
this  case  was  even  smaller  than  when  nitric  acid  and  bromine 
were  used.  In  any  case  the  yield  left  much  to  be  desired,  as 
most  of  the  quinone  was  oxidized  completely,  and  too  long 
boiling  destroyed  both  of  the  products. 

The  Yellow  Prodtict. — The  substance,  purified  as  described 
above,  was  dried  at  100°  for  analysis  : 

I.  0.3286  gram  substance  gave  0.1828  gram  CO,  and  0.0104 
gram  H^O. 

1  J.  prakt.  Chem.,  [2],  4a,  182  (1890). 
«  Ber.  d.  chem.  Ges.,  aa,  486  (1889). 
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II.  0.3232  gram  substance  gave  0.17 10  gram  CO2  and  0.0055 
gram  HjO. 

III.  0.2043  gram  substance  gave  0.3729  gram  AgBr. 

IV.  0.2761  gram  substance  gave  0.5041  gram  AgBr. 


Calculated  for 

Found. 

C5Br402. 

I. 

II. 

HI. 

c 

14-57 

15- 

17 

14-43 

H 

0.00 

0. 

35 

0. 

19 

Br 

77.67 

77.6 

77.69 

The  substance,  therefore,  is  probably  the  tetrabromcyclo- 
penteneorthoquinone,  and  we  have  adopted  this  constitution, 
provisionally,  for  it,  as  in  harmony  with  all  our  observations, 
but,  unfortunately,  it  was  discovered  so  late  in  the  year  that 
we  are  unable  to  furnish  a  certain  proof  of  its  structure. 

Properties  of  the  Tetrabromcyclopenteneorthoquinone — It  crys- 
tallizes from  fuming  nitric  acid  in  thick  plates,  from  a  mixture 
of  benzene  and  ligroin  in  large  prisms  which  are,  apparently, 
monoclinic.  Its  color  is  a  full  yellow,  like  that  of  potassic  chro- 
mate.  It  melts  at  142 **  with  no  signs  of  decomposition,  and  is 
soluble  in  alcohol,  ether,  chloroform,  benzene,  or  acetone  ; 
slightly  soluble  in  ligroin  ;  insoluble  in  water.  An  aqueous 
solution  of  sodic  hydrate  has  no  effect  on  it  in  the  cold,  but  if 
warmed  decomposes  the  compound  with  formation  of  hypo- 
bromous  acid,  to  judge  by  the  smell.  Sodic  alcoholate  con- 
verts it  into  a  red  substance  even  in  the  cold. 

The  compound  was  supposed  to  be  the  tetrabromcyclopen - 
teneorthoquinone, 

/.CBr.CO 

BrC^  I     , 

\CBr,.CO 

for  the  following  reasons  :  With  orthophenylenediamine  it 
gave  a  brown,  amorphous  compound,  which  we  could  not  suc- 
ceed in  crystallizing,  so  it  was  not  analyzed,  but  with  cold  sul- 
phuric acid  it  gave  the  dark  red  color  characteristic  of  di- 
phenylenequinoxaline.  When  it  was  boiled  for  an  hour  with 
an  equivalent  amount  of  3,5-dibrom-i,2-phenylenediamine  and 
20  times  its  weight  of  alcohol,  the  dark  solution  deposited 
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small,  colorless  needles  in  moderate  amount,  which  were  dis- 
solved in  absolute  alcohol,  precipitated  with  water  and  crys- 
tallized once  from  absolute  alcohol.  The  dark  colored  crys- 
tals were  barely  enough  for  analysis. 

0.0644  gram  substance  gave  0.0963  gram  AgBr. 

Calculated  for 
CsBroCNoCeHjBrj),.  Found. 

Br  64.51  63.63 

L/ittle  weight  can  be  given  to  this  analysis,  owing  to  the 
small  amount  of  substance  used  and  the  fact  that  there  was  no 
criterion  of  purity,  as  it  blackened,  without  melting,  at  308°. 
On  the  other  hand,  the  fact  that  this  substance  also  gave  a  red 
color  with  strong  sulphuric  acid  tells  in  favor  of  the  formula 
ascribed  to  it  above.  The  yellow  substance  oxidized  dimethyl- 
aniline  in  the  cold,  which  also  would  indicate  that  it  is  a  qui- 
none.  We  hope  that  the  study  of  the  substance  in  this  labora- 
tory during  the  next  academic  year  will  determine  its  consti- 
tution with  certainty. 

The  White  Product  of  the  Action  of  Nitric  Acid  and  Bromine 
on  Tetrabromorthoquinone. — This  substance  was  formed  by  the 
longer  action  of  the  reagents,  but  we  are  not  yet  clear  whether 
it  is  produced  from  the  yellow  body  or  at  the  same  time  with 
it.  The  compound  crystallizes  in  white  needles,  which  melt  at 
i44°-i46°,  are  very  soluble  in  water,  and  give  an  acid  reac- 
tion. It  was  discovered  so  late  in  the  year  that  we  were  un- 
able to  study  it  properly,  so  that  several  analyses  of  the  acid 
and  its  silver  salt  gave  discordant  results,  showing  that  the 
substances  had  not  been  thoroughly  purified.  At  first  sight  it 
showed  some  resemblance  to  dibrommalonic  acid,  which  melts 
at  147°,  with  evolution  of  carbonic  dioxide\  and  is  converted 
into  dibromacetic  acid  by  heating  it  with  water  to  50°-6o''  ; 
our  compound  melted  at  i44°-i46°  with  partial  decomposition, 
and  gave  oflF  carbonic  dioxide,  when  boiled  with  water,  but 
the  aniline  salt  of  our  acid  melted  at  150°-!  52°,  whereas  the 
dibrommalonate  of  aniline  melts  at  113°.  The  facts  collected 
so  far,  by  us,  therefore,  indicate  that  the  acid  is  a  new  com- 

1  Conrad  and  Reinbach  :  Ber.  d.  chem.  Ges.,  35, 1817  (1902).  Willstatter  :  Ibid.,  35, 
1376  (1902). 
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pound.  Its  study  will  be  continued  in  this  laboratory  in  the 
following  year. 

Action  of  Orthodiamines  on  Tetrabromorthoquinone. — In  the 
hope  of  obtaining  a  quinoxaline  from  tetrabromorthoquinone 
its  action  with  orthophenylenediamine  was  studied,  but  the 
product,  in  every  case,  was  a  dark  red,  amorphous  substance, 
which  we  took  to  be  an  oxidation  product  of  the  orthophenyl- 
enediamine, as,  apparently,  the  same  product  was  formed  by 
the  action  of  bromine.  The  reaction  with  the  quinone  was 
tried  in  acetic  acid,  alcohol,  ether,  or  benzene  with  the  same 
result. 

As  we  thought  that  a  brom  derivative  of  the  diamine  might 
act  to  better  advantage,  we  prepared  the  orthoparadibrom- 
orthophenylenediamine,  which  is  described  in  the  preceding 
paper,  but  this  gave  a  similar  result. 

Potassic  phenylate,  or  sodic  alcoholates  gave,  with  tetra- 
bromorthoquinone, brown  or  red  amorphous  products,  which 
we  have  not  succeeded  in  purifying. 

Cambridge,  Mass., 
Sept.  12,  1905. 


<^  REPORTS. 

^-  Colloidal  Solutions  of  Metals  in  Organic  Solvents. 

^  Svedberg,  of  the  University  of  Upsala,  describes,  in  a  recent 
^  article,^  methods  of  obtaining  "organosols,"  i.  e.,  colloidal  so- 
N  lutions  of  metals  in  organic  solvents,  "hydrosols"  being  colloid 
^  solutions  in  water. 

q       Bredig,^  and  laterBillitzee,'  modifying  Bredig's  method,  has 
^  prepared  hydrosols  of  several  metals  by  the  action  of  the  elec- 
tric arc  on  the  metal  in  water,  the  metal  passing  at  the  cathode 
into  a  finely  diffused  state. 

Blake*  placed  two  silver  electrodes  in  alcohol  and,  with  a 
tension  of  no  volts,  obtained  a  black  alcohol  without  spark 
phenomena.  Svedberg  repeats  and  confirms  Blake's  work  and 
finds  the  method  suited  to  methyl  alcohol  also,  but  inapplica- 
ble to  other  solvents  with  silver  electrodes,  while  amalgamated 

1  Ber.  d.  chem.  Ges.,  38,  3616  (1905). 

2  Z.  Chem.,  1898,  951.     Z.  physik.  Chem.,  3a,  127. 
8  Ber.  d.  chem.  Ges.,  35, 1929,  1935. 

*  Am.  J.  Sci.,  16,431. 
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zinc  electrodes  remain  intact  even  in  ethyl  alcohol.  Svedberg 
then  applied  Bredig's  method  to  organic  solvents,  but  found 
that  the  solvent  decomposed,  with  separation  of  carbon  and 
other  undesirable  reactions,  if  the  current  was  strong  enough  to 
cause  cathode  diffusion  of  the  metal. 

Finally,  he  succeeded  in  working  out  two  methods.  In  the 
first  the  metal,  in  the  form  of  sheets  of  thin  foil,  is  suspended 
in  the  solvent ;  the  electrodes  are  of  metals  not  easily  diffused, 
such  as  iron  and  aluminium  ;  the  difference  of  potential  is  no 
volts.  With  an  intense  development  of  sparks  on  the  very 
large  surface  of  the  foil,  the  metal  diffuses,  while  the  current  is 
so  small  that  it  can  scarcely  be  measured  by  an  ammeter. 
This  is  the  essential  of  both  of  Svedberg' s  methods  :  high 
voltage,  very  low  current.  By  this  method  he  has  obtained 
organosols  of  tin,  gold,  silver  and  lead  in  different  solvents. 
The  method  fails,  however,  with  metals  like  aluminium  and 
iron,  which  resist  cathode  diffusion.  With  aluminium  foil  he 
obtained  spark  phenomena  but  no  colloid. 

His  second  method  was  devised  to  overcome  this  diflSculty, 
by  using  a  still  higher  potential,  while  keeping  the  current  low 
to  avoid  decomposition  of  the  solvent.  Using  an  induction  coil 
of  12  cm.  spark  length,  he  put  in  a  glass  condenser  of  225 
cm.*  surface,  parallel  to  the  secondary  of  the  coil,  and  led  the 
secondary  poles  to  electrodes  which  dipped  into  the  solvent  in 
a  porcelain  dish.  The  metal  was  used  either  in  granular  form 
or  in  pieces  of  wire.  On  closing  the  circuit  there  is  a  vigorous 
sparking  between  the  metal  particles,  the  solvent  at  once 
darkens  and,  in  a  few  minutes,  a  dark  colored  organosol  is 
formed.  It  is,  of  course,  better  to  use  electrodes  of  the  metal 
which  is  reacting,  but  he  finds,  experimentally,  that  the  influ- 
ence of  the  electrodes  is  very  slight.  By  this  method  Svedberg 
has  prepared  a  series  of  new  colloids,  comprising  magnesium, 
zinc,  aluminium,  tin,  antimony,  iron,  nickel,  sodium  and  po- 
tassium. 

While  hydrosols  of  copper,  copper-zinc,  silver,  gold,  lead 
and  bismuth  have  been  made  by  previous  observers,  these  or- 
ganosols, excepting  silver,  are  new  ;  of  those  mentioned  above, 
the  copper  and  bismuth  organosols  were  made  by  the  second 
method,  the  others  by  the  first  one. 

The  organosols  of  sodium  and  potassium  are  very  unstable  ; 
but  the  author  has  experimental  ground  for  hoping  to  obtain 
more  stable  organosols  of  these  metals. 

It  is  of  interest  that  the  sodium  organosols  in  ligroin, 
ligroin-naphthalene  and  ether  are  violet  in  color,  while  the 
corresponding  potassium  organosols  are  bluish  violet.     It  is 
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known  that  cathode  rays  or  Tesla  currents  act  on  the  chlorides 
of  sodium  and  potassium,  turning  them  blue.  Wiedemann^ 
thinks  that  the  blue  color  is  caused  by  the  formation  of  sub- 
chlorides.  Elster  and  Geitel,  however,  believe  the  blue  color 
to  be  due  to  solid  colloidal  solutions  of  the  metals  in  their  chlor- 
ides. The  observed  colors  of  the  organosols  would  support 
the  view  of  Elster  and  Geitel. 

Svedberg  considers  this  work  preliminary  and  reserves  the 
field.  E.  renouf. 

The  Stereoisomerism  of  Substituted  Ammonium  Compounds. 

The  preparation  of  stereoisomeric  nitrogen  derivatives  has 
engaged  the  attention  of  a  number  of  chemists  during  the  past 
few  years,  and  although,  on  the  experimental  side,  a  consider- 
able degree  of  success  has  attended  their  labors,  the  theory  of 
the  subject  has  not,  hitherto,  been  in  a  satisfactory  state.  An 
exception  must  be  made  in  favor  of  the  "syn"  or  "anti"  com- 
pounds, of  the  type  RR'C:NR",  such  as  unsymmetrical 
oximes,  which  are  beyond  the  scope  of  this  report. 

The  difl&culties  referred  to  arise  from  the  fact  that  a  few 
cases  of  isomeric  compounds  of  the  type  NRgR'X  (X  =  halo- 
gen) have  been  described,  but  no  isomerides  of  the  type 
NRjR'R^'X  could  be  prepared,  except  in  the  case  of  dicycloid 
compounds  containing  a  nitrogen  atom  in  each  ring.  The 
first  example  of  this  was  observed  by  Aschan.  it  is  doubtless 
due  to  the  absence  of  free  rotation.  Compounds  of  the  type 
NRR'R"R'''X  have  been  repeatedly  shown  to  exist  in  opti- 
cally active  forms  and  Wedekind^  has  examined  a  large  number 
of  such  substances  to  determine  the  existence  of  spatial  isom- 
erides but,  with  the  sole  exception  of  the  phenylbenzylmethyl- 
allylammonium  salts,  which  he  himself  prepared,^  all  the  de- 
rivatives of  this  type  which  previously  had  been  regarded  as 
stereoisomeric  were  found  to  differ  in  structure. 

His  conclusions  in  regard  to  phenylbenzylmethylallylammo- 
nium  salts  were  confirmed,  later,  by  Hantzsch  and  Horn.'* 

Some  little  time  ago  Le  Bel  showed^  that  the  difference  be- 
tween compounds  of  the  type  NRgR'X,  which  he  had  be- 
lieved to  be  due  to  isomerism,  in  fact  arose  from  isomorphism. 

Kipping^  proved  that  the  salts  of  optically  active  acids  and 
hydrindamine,  which  he  had  previously  described,  were  not 
isomerides  of  the  base,  but  were  salts  of  isomeric  acids.    Hence, 

1  Wiedemann  Ann.,  64.  78. 

2  Ber.  d.  chem.  Ges.,  36,  178  (1902);  38,  436  (1905). 
8/«;-rf.,  3a,  517.  3561  (1899). 

*  Ibid.,  35,  883(1902). 

^  J.  Chim.  Phys.,  2,  340  (1904). 

«  J.  Chem.  Soc,  87,  628  (1905). 


190  Reports. 

it  follows  that  no  instance  of  spatial  isomerism  in  an  ammo- 
nium derivative  has  ever  been  observed  except  Wedekind's 
compound  referred  to  above.  In  a  recent  paper^  H.  O.  Jones 
records  the  results  he  has  obtained  by  a  reexamination  of 
Wedekind's  isomers.  Neither  compound  can  be  transformed 
into  the  other.  Unlike  the  /3-compouud  the  a-derivative  is 
unsaturated,  as  is  shown  by  the  potassium  permanganate  test. 
The  substances  differ  in  other  ways,  including  their  action  on 
methyl  iodide,  and  on  analysis  it  was  found  that  the  /?-com- 
pound  is  really  phenylbenzyldimethylammonlum  iodide, 
C9H5N(CH3)2CH2CeH5l,  while  the  o'-derivative  is  the  true 
phenylbenzylmethylallylammonium  iodide,  CgH5NCH,(CH2 
CeH5)CH:  CHCH3I.  Thus  the  last  instance  of  stereo  isomeric 
ammonium  derivatives  is  shown  to  be  without  existence  in 
fact. 

In  the  light  of  these  observations  Jones  discusses  the  various 
suggestions  which  have  been  offered  by  Werner,  van't  Hoff, 
Willgerodt,  Wedekind  and  Bischoff  regarding  the  configuration 
of  the  ammonium  derivatives,  deciding  in  favor  of  Bischoff' s 
"pyramidal"  formula,  with  some  simplification  suggested  by 
himself.  He  represents  the  formation  of  an  ammonium  salt 
from  an  amine,  graphically,  as  follows  : 

'■■  /^  I  N 

R— N|<'    ^^    ^    R  ~L^R'" 

i/R'    R'"X^  ^,,^'  R''    R' 

R-NK  p,„ 

R        R       A*^  ;         R/ 

R— N;<  —  R-^-R'". 

:\r"  I  N 

X  X 

The  intermediate  substance  is  regarded  as  being  ' '  a  very  un- 
stable compound  or  as  possibly  only  a  state  which  arises  when 
the  amine  and  alkyl  iodide  first  come  within  the  sphere  of  each 
other's  action."  R'"  and  X  must  be  able  to  take  up  either  of 
the  two  available  valencies,  because  equal  portions  of  d-  and  l- 
isomerides  are  always  produced.  The  three  groups  in  trivalent 
nitrogen  compounds  lie  in  the  same  plane  as  the  nitrogen 
atom,  during  the  change  of  valency  the  radicles  group  them- 
selves into  the  most  stable  configuration,  which  is  always  the 
same  for  the  same  five  radicles  and  is  independent  of  the  order 
in  which  they  are  introduced  into  the  molecule.     The  author 

I  J.  Chem.  Soc,  87,  1721  {1905)- 
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istiug  paper,  and  has  materially  c( 
tion  of  a  troublesome  and  somewl 
difficult  subject.  j.  bishop  tingle. 


has  written  a  highly  interesting  paper,  and  has  materially  con- 
tributed to  the  simplification  of  a  troublesome  and  somewhat 
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Hypochlorite;  und  electrische  BlEiche— Theoretischer  Theil.  By 
Dr.  Emil  Abei,.  Monographien  iiber  angewandte  Electrochemie. 
Band  XVII.  Halle  a.  S :  Wilhelm  Knapp.  1905.  pp.  no.  Price, 
M.  4.50. 

Although  almost  a  century  has  elapsed  since  Cruikshank 
first  prepared  sodium  hypochlorite  by  the  direct  electrolysis  of 
brine,  the  practical  application  of  the  idea  has,  for  various 
reasons,  never  become  an  important  factor  in  the  bleaching  in- 
dustry. The  reactions  which  obtain  when  an  electric  current 
is  passed  through  a  solution  of  common  salt  were  found  to  be 
much  more  complicated  than  were  formerly  supposed,  and, 
owing  to  the  experimental  difficulties  involved  in  their  study, 
the  theory  of  the  process  has,  until  very  recently,  been  little 
considered. 

A  very  complete  description  of  the  various  forms  of  appa- 
ratus which  have  been  developed  for  the  commercial  produc- 
tion of  bleaching  liquor  by  direct  electrolysis,  appeared  as 
Volume  VIII  of  the  series  of  monographs  of  which  this  work 
forms  a  part.  Under  the  title,  "  Theorie  der  Hypochlorite," 
the  author,  some  time  ago,  published  a  brochure  in  which  he 
treated  the  subject  at  length,  from  a  chemical  point  of  view. 
In  the  present  volume  he  has  developed  the  process  from  the 
energy  standpoint,  giving  the  matter  a  purely  thermodynamical 
treatment.  He  finds  that,  in  this  way,  not  only  can  the 
function  of  the  electric  current  in  the  formation  of  hypochlorites 
be  most  easily  determined,  but  that  by  thermodynamics  alone 
can  the  true  energy  efficiency  of  the  different  technical  methods 
for  the  preparation  of  hypochlorites  be  obtained. 

The  first  part  of  the  monograph  is  devoted  to  the  calculation 
of  the  critical  voltages  of  all  the  ions  concerned  in  the  reactions. 
A  table  giving  the  theoretical  electromotive  force  necessary  for 
the  liberation  of  each  ion  of  the  first  product  is  given. 
I -"The  mechanism  of  the  reactions  taking  place  to  form  hypo- 
chlorite and  also  chlorate  is  discussed  at  length,  the  author 
giving  great  weight  to  the  work  of  Foerster  and  his  students 
on  the  theory  of  chlorate  formation. 

Those  interested  in  the  practical  application  of  electrolysis 
for  the  production  of  bleaching  liquor  will  find,  however,  the 
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last  portion  of  the  work  of  greater  value  than  the  first  two- 
thirds,  based  as  they  are,  on  assumptions  which,  for  the  most 
part,  are  impossible  of  realization.  In  discussing  the  condition 
which  must  be  observed  in  order  that  the  maximum  energy 
efficiency  may  be  obtained,  and  the  efiect  of  the  various  addi- 
tions to  the  brine  which  have  from  time  to  time  been  proposed, 
the  author  has  rendered  a  distinct  service  to  the  electrochemist 
and  engineer.  w.  h.  w. 

VERFI^ussiGTES  Ammoniak  ai,s  LosunGSMITTEI,.  Materialien  iiber  die 
chemischen  Eigenschaften  des  verfliissigten  Ammoniakgases.  Gesam- 
melt  von  J.  Bronn.  Berlin:  Julius  Springer,  1905.  pp.  251.  Price, 
M.  6. 

During  the  last  forty  years  much  work  on  liquid  ammonia 
has  been  published,  which  Herr  Bronn  has  collected  and 
classified  in  this  volume.  While  the  author  is  especially  inter- 
ested in  the  technical  uses  of  liquid  ammonia  as  a  solvent,  the 
book  will  be  of  value  to  chemists  generally.  To  indicate 
its  scope,  there  are  chapters  on  the  properties  of  liquid  ammo- 
nia ;  on  the  action  of  gaseous  ammonia  as  a  liquefier,  with 
special  reference  to  the  work  of  Divers ;  on  the  absorption  of 
ammonia  by  different  substances ;  on  liquid  ammonia  as  a  sol- 
vent ;  on  metalammonium  compounds  and  metalamids;  on 
reactions  and  syntheses  in  ammonia  solution;  on  reactions  of  the 
metalamids ;  and  on  physical-chemical  work  on  liquid  ammo- 
nia. E.  R. 

A  Text-Book  of  Physiologicai,  Chemistry  for  Students  of  Medi- 
cine.    By  John  H.  Long,  M.S.,  Sc.D.,  Professor  of  Chemistry  in  The 
Northwestern  University  Medical  School,  Chicago.    Illustrated.     Phil- 
adelphia: P.  Blakiston's  Son  &  Co.     1905.     pp.  424.     Price,  I2.50  net. 
The  writer  has  here  presented  a  good  elementary  text-book 
of  physiological  chemistry  for  medical  students.     The  style  is 
clear  and  concise.     The  subject  matter  is  divided  into  four  sec- 
tions  as   follows :  The    Nutritives ;    Ferments   and    Digestive 
Processes  ;  The  Chemistry  of  the  Blood,  the  Tissues  and  Secre- 
tions of  the  Body ;  The  End  Products  of  Metabolism,  Excre- 
tions, Energy  Balance. 

The  directions  for  many  experiments  are  inserted  in  the  body 
of  the  text  in  fine  print,  so  that  the  book  will  also  serve  as  a 
laboratory  manual  for  a  brief  course.  Much  of  the  recent 
work,  such  as  Fischer's  polypeptide  investigations,  is  briefly 
presented  by  the  author,  and  he  also  discusses  in  detail  the 
tests  of  value  to  clinical  medicine,  such  as  the  examination  of 
stomach  contents,  faeces,  etc.,  in  consequence  of  which  the  pure 
physiological  chemistry  suffers  considerable  abridgment.  A 
few  inaccuracies  of  very  minor  importance   have  been  noted. 
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Thus  on  p.  313  the  statement  is  made  that  amyl  salicylate  is  very 
readily  hydrolyzed  by  liver  extract  whereas,  compared  with 
other  esters,  this  one  is  really  hydrolyzed  by  it  very  slowly  in- 
deed. On  the  whole  the  book  is  satisfactory  and  deserves  to 
be  recommended.  a.  s.  l,. 

Ei,ektromagnetische  Schwingungen  und  Wellen.  Von  Dr.  Jo- 
sef RiTTER  VON  Geiti^er.  Braunschweig  :  Friedrich  Vieweg  und 
Sohn.     1905.     Price,  M.  4.50. 

This  volume  on  the  subject  of  "Electro-Magnetic  Vibrations 
and  Waves"  will  not  be  of  much  interest  to  a  student  of  chem- 
istry, inasmuch  as,  up  to  this  time,  they  have  very  few  appli- 
cations to  chemical  phenomena.  To  the  physicist,  however, 
the  book  is  one  of  importance,  and  any  one  interested  in  the 
historical  development  of  the  subject  will  find  it  most  profita- 
ble. The  mathematical  treatment  is  simple  yet  explicit  ;  the 
description  of  experiments  is  clear  and  up  to  date,  the  refer- 
ences, specially  to  modern  work,  are  most  complete  and  the 
text  is  written  in  a  lucid  and  attractive  manner.  Taken  from 
every  standpoint,  therefore,  the  book  is  one  to  be  recommended 
to  all  students  of  Philosophy,  however  advanced.         j.  s.  A. 

Annuai,  Reports  of  the  Progress  of  Chemistry  for  1904.  Issued 
by  The  Chemical  Societ}'.  Vol.1.  London:  Guerney  &  Jackson.  New 
York:  D.  Van  Nostrand  Co.      1905.     Price,  $2.00  net. 

In  this  volume  the  English  Chemical  Society  begins  a  series 
of  annual  reports  on  the  progress  of  chemistry.  The  book 
covers  the  same  field  as  Meyer's  '  'Jahrbuch  der  Chemie' '  which 
has  been  published  yearly  since  1891,  The  "  Jahrbuch  " 
for  1903  contains  600  pages,  the  volume  reviewed  con- 
tains 280  pages.  This  is  a  distinct  gain  for  the  English 
journal,  as  such  reports  should  be  as  brief  in  detail  as  possible. 
The  table  of  contents  shows  that  the  different  chapters  are  in 
competent  hands:  Chemistry,  general  and  physical,  James 
Walker;  Inorganic,  P.  P.  Bedson;  Organic-aliphatic,  H.J.  H. 
Fenton  ;  Organic-aromatic,  J.  B.  Cohen  ;  Stereo,  W.  J.  Pope  ; 
Physiological,  W.  D.  Halliburton;  Agricultural,  J.  A.  Voelcker; 
Mineralogical  A.  Hutchinson;    and  Radioactivity,   F.  Soddy. 

E.  R. 

Methods  of  Organic  Analysis.     By  Henry  C.  Sherman,   Ph.D. 

New  York  :  The  Macmillan  Company.     1905.     Price,  I1.75. 

The  purpose  of  this  little  work  is  to  furnish  students  of  or- 
ganic chemistry  with  a  convenient  handbook  for  conducting 
the  most  common  operations  which  they  will  be  called  upon  to 
perform  in  the  analysis  of  ordinary  commercial  products. 

Chapter  I.  treats  of  the  principles  of  ultimate  and  proximate 
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analysis.  In  the  second  chapter  are  given  the  standard  meth- 
ods for  the  determination  of  nitrogen,  sulphur  and  phosphorus. 
The  third  chapter,  on  alcohols,  is  one  of  special  interest  at  the 
present  time,  when  chemists  throughout  the  world  are  de- 
voting so  much  attention  to  the  analytical  methods  applied  to 
beverages.  The  methods  described  mention  all  the  prominent 
processes  in  the  light  of  recent  experience.  The  oxidation 
method  for  alcohols,  comprising  the  substance  known  as  fusel 
oil,  has  practically  taken  the  place  of  Rouse's  old  process. 
The  oxidation  method  gives  fairly  satisfactory  results  when 
applied  to  known  quantities  of  the  fusel  oils.  The  statement 
by  the  author,  therefore,  that  "neither  method  gives  very 
satisfactory  results"  should  be  modified  as  applying  only  to 
the  volumetric  method.  It  has  been  found,  also,  that  carbon 
tetrachloride  is  a  better  solvent  for  the  fusel  oils  than  chloro- 
form. The  author  fails  to  mention  this  fact.  The  colori- 
metric  method  of  determining  the  fusel  oils  is  not  referred  to. 

Chapter  IV.  deals  with  aldehydes  ;  Chapter  V.  with  the 
general  methods  for  the  carbohydrates;  Chapters  VI.  and  VII. 
with  special  methods.  Chapter  VIII.  is  devoted  to  the  organic 
acids,  especially  to  those  of  the  aliphatic  series.  Chapter  IX. 
treats  of  the  general  methods  of  examining  oils,  fats  and 
waxes,  and  Chapter  X.  of  the  special  methods  for  fatty  oils. 
The  salad  oils  are  particularly  mentioned  in  this  chapter.  Chap- 
ter XI.  is  devoted  to  butter  ;  Chapter  XII.  to  soaps  and  lubri- 
cants ;  Chapter  XIII.  to  the  proteids  and  cereals  ;  and  Chap- 
ter XIV.  to  milk.  In  the  latter  special  attention  is  given  to 
the  preservatives  which  are  used  therein. 

This  book  will  prove  useful  to  students  and  analysts  in  their 
work  with  foods  and  food  products.  h.  w.  w. 


Vol.  XXXV.  March,  1906.  No.  3. 


AMERICAN 


CHEMICALJOURNAL 


VISCOSITY  AND  FLUIDITY.' 

By  Kugkne  C.  Bingham. 
PART  I. 

Liquid  Mixtures. 

In  the  course  of  some  work  carried  out  in  the  chemical  labor- 
atory of  the  Johns  Hopkins  University  and  published  under 
the  title  "The  Conductivity  and  Viscosity  of  Solutions  of  Cer- 
tain Salts  in  Mixtures  of  Acetone  with  Methyl  Alcohol,  Ethyl 
Alcoholand  Water,  ""it  was  observed  that  solutions  of  potassium 
iodide,  in  mixtures  of  acetone  with  methyl  alcohol  or  ethyl 
alcohol,  gave  conductivities  which  were  proportional  to  the 
amounts  of  the  components  of  the  mixture.  In  other  words, 
when  the  conductivity  curves  were  plotted  they  were  found  to 
be  straight  lines  to  within  the  limits  of  experimental  error. 
When  the  fluidities  of  these  solutions  were  found  and  plotted, 
similar  results  were  obtained.  It  seemed  possible,  therefore, 
to  explain  the  above  changes  in  conductivity  as  due  simply  to 
changes  in  the  fluidity  of  the  solutions. 

1  The  author  is  indebted  to  Prof  Joseph  Ames  and  to  Dr.  H.  Bradshaw  for  valua- 
ble suggestions  and  corrections. 

*  Jones  and  Bingham  :  This  Journal.  34,  481  (1905). 
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The  viscosity  curves  for  the  above  mixtures  are  sagged,  *.  e., 
the  viscosities  of  the  mixtures  are  not  directly  proportional  to 
the  amounts  of  the  components.  Thus  it  seemed  necessary  to 
consider  whether  fluidities  or  viscosities  are  directly  compara- 
ble with  conductivities. 

For  this  purpose  it  may  be  supposed  that  a  mixture  is  made 
of  two  liquids  which  are  composed  of  particles  that  have  no  un- 
usual action  upon  each  other,  *.  e.,  do  not  form  new  aggrega- 
tions of  any  kind.  Two  monomolecular  liquids,  which  do  not 
form  complexes  on  mixing,  would  fulfil  this  condition. 
Further,  it  may  be  assumed  that  this  mixture  is  allowed  to 
flow  through  a  tube.  The  more  rapidly  moving  particles 
would  be  held  back  by  those  moving  more  slowly  and  the  re- 
sulting motion  would  appear  to  be  a  mean  value  proportionate 
to  the  relative  amounts  of  the  components.  In  other  words, 
the  resulting  fluidity  would  be  the  sum  of  the  partial  fluidities 
of  the  components.  It  should  be  noticed  that  this  simple  rela- 
tion cannot  be  reasonably  assumed  when  we  consider  viscosi- 
ties instead  of  fluidities.     Formulated,  the  above  relation  is 

(wij  +  m,)^  =  Wi</)i  +  m.^<t>., (i), 

where  m^  and  m^  are  the  amounts  of  the  components.  ^^  and  <f>^ 
their  respective  fluidities  and  ^  the  resultant  fluidity. 

This  is  similar  to  the  conception  which  we  have  in  electric- 
ity, where  the  conductance  of  two  or  more  conductors,  in 
parallel,  is  represented  by  the  sum  of  their  separate  conduc- 
tances. The  conductance  of  a  pair  of  conductors,  of  difierent 
material,  is,  for  a  unit  length, 

where  o-j  and  a-^  are  the  areas  of  cross-section  of  the  conductors, 
Cj  and  Cj,  their  respective  conductances,  and  C  the  resulting  con- 
ductance. 

If  this  reasoning  is  correct,  conductivity  and  fluidity  are 
strictly  comparable. 

It  was  stated  above  that  it  cannot  be  reasonably  assumed 
that  viscosities  are  additive.  It  is  evident  at  once  that,  if 
fluidities  are  additive,  viscosities  cannot  be  additive.      By 
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making  w,  aud  m.^  the  amounts  of  the  two  components  of  a 
binary  mixture,  expressed  in  percentages,  equation  (i)  be- 
comes, 

*  3=  tn,<^,  +  (i  —  w,)<^, (2), 

=  m,{<f>,  — <}>.,)  +  <f>,. 

If  rj^  and  7;^  represent  the  viscosities  of  the  components  and 
H  that  of  the  mixture,  then,  since  viscosity  is  the  reciprocal 
of  fluidity,  we  have  from  (2), 

I    *»i     I     I  — w^ 

H  i7i  Tf., 

ViV,  =  b^iV,  +  (l  —  Wi)r7,]H 

=  K  (17,-^1)  +  17JH. 


If  we  let 


we  have 


^i(V2  —  vJ  -\-  Vi  =  W,  (ri,  —  Vi) 


<H  =  -^ (3). 

Since  -    is    a  constant,    equation   (3)    represents  an 

%  —  Vi 

equilateral  hyperbola  whose  Y-axis  is  a  distance  — -—  to  the 

left  of  the  origin  to  which  equation  (i)  is  referred.  Thus  we 
reach  the  conclusion  that  the  hyperbola  is  the  normal  curve  for 
the  viscosities  of  simple  mixtures. 

Before  this  conclusion  can  be  accepted  as  final,  it  will,  of 
course,  be  necessary  to  show  that,  in  a  large  number  of  cases, 
the  fluidity  curves  of  mixtures  do  in  fact  approximate  to 
straight  lines. 

In  the  case  of  divergence  from  the  straight  line,  it  would  be 
expected  that  new  factors  would  be  found  entering  to  change 
the  conditions.  Such  tendencies  should  manifest  themselves 
in  physical  properties  other  than  fluidity  alone.  It  should  be 
noted  that,  thus  far,  nobody  has  been  able  to  establish  any 
certain  relations  in  mixtures  between  viscosity  and  other  phys- 
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ical  properties.  The  deviations  in  viscosity  are  quite  uni- 
formly greater  than  would  be  expected. 

It  has  already  been  shown*  that,  in  the  particular  case  of 
water  and  acetone,  there  is  a  large  deviation  of  the  fluidity 
curve  from  a  straight  line.  There  is  also  a  large  contraction 
and  evolution  of  heat  on  mixing.  These  phenomena  seem  to 
be  general  in  the  case  of  mixtures  of  water  with  other  liquids. 
Traube*  and  others  have  studied  a  large  number  of  such  cases. 
In  every  instance  there  is  a  very  great  decrease  in  fluidity  from 
what  we  should  expect  according  to  the  rule  of  averages. 

Unfortunately,  there  are  no  data  relating  to  the  other  phys- 
ical properties  of  these  mixtures,  hence  it  is  impossible  to  use, 
in  this  connection,  the  data  available.  There  exist,  however, 
considerable  data  regarding  the  viscosity  of  non-aqueous  mix- 
tures. From  these  I  have  calculated  the  fluidities  given  in 
this  paper.  References  to  the  sources  of  the  material  have 
been  made  in  connection  with  the  tables.  Other  data  than 
those  given  have  been  considered,  but,  since  no  new  relations 
w.ere  brought  out,  they  have  not  been  included  here. 

In  Fig.  I.  and  in  Tables  I.  to  VIII.  are  represented  the 
fluidities  of  several  pairs  of  liquids  whose  viscosity  curves  are 
only  very  slightly  sagged.  Ethyl  acetate  and  carbon  bisul- 
phide, I.,  toluene  and  carbon  bisulphide,  II.,  toluene  and 
ethyl  acetate,  III.,  form  a  trio  of  pairs  of  substances  whose  vis- 
cosity curves  are  very  slightly  sagged.  On  plotting  the  fluidi- 
ties the  curves  closely  approximate  straight  lines. 

Benzene  and  toluene,  IV.,  and  benzene  and  chloroform,  V., 
have  viscosity  curves  which  are  almost  identical  and  are  nearly 
a  straight  line.  The  fluidities  also  give  us  a  straight  line,  to 
the  limits  of  experimental  error.  Since  it  is  not  practicable  to 
draw  two  curves  for  the  two  pairs  of  substances,  the  points  for 
the  benzene  and  chloroform  mixtures  are  indicated  by  crosses 
in  the  figure. 

Benzene  and  chloroform,  V,  carbon  tetrachloride  and  chloro- 
form, VI.,  and  carbon  tetrachloride  and  benzene,  VII. ,  form  a 
second  trio  of  pairs  whose  fluidities  are  again  very  nearly  pro- 
portional to  the  concentration  of  the  components. 

1  Jones  and  Bingham:  This  Journal,  34,  540  (1905).     Figs.  XXI.  and  XXII. 
*  Ber.  d.  chem.  Ges.,  19,  871  (1886). 
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The  above  values  have  been  taken  from  Linebarger.*  Thorpe 
and  Rodger,"  commenting  on  his  data,  made  the  interesting 
observation  that  the  viscosity  curves  approach  straight  lines 
when  the  viscosities  of  the  components  are  not  very  different. 
In  their  own  words,  "  As  a  rule,  the  greater  the  difference  be- 
tween the  viscosities  of  the  pure  liquids,  the  greater  is  the 
difference  between  the  calculated  and  the  observed  values  of 
the  mixtures."  From  the  new  point  of  view,  the  reason  for 
this  is  immediately  apparent.  When  17,  and  7,  of  equation  (3)  . 
are  nearly  equal,  the  value  of  1;,  — 1/1  is  very  small  and  the  dis- 
tance — - —  becomes  correspondingly  great.     The  portion  of 

the  hyperbola,  of  which  the  observed  viscosity  curve  forms  a 
part,  is,  therefore,  at  a  considerable  distance  from  the  vertex 
of  the  hyperbola,  hence  the  curvature  is  small.  We  may  get 
an  idea  of  this  distance  from  the  figure  by  imagining  the  fluid- 
ity curves  prolonged  until  they  cross  the  X-axis.  The  point 
of  intersection  in  each  case  will  be  the  origin  for  the  equilateral 
hyperbola  of  equation  (3). 

Table  /." — Fluidity  of  Mixtures  of  Ethyl  Acetate  and  Carbon  Bi- 
sulphide at  2^°. 


Percentage  of  car- 
bon bisulphide. 

viscosity. 

Fluidity. 

0.000 

0.00462 

216.5 

33-587 

60.754 

83.641 

100.000 

0.00416 
0.00389 
0.00367 
0.00358 

240.4 
257.1 
272.5 
279-3 

Table  11} — Fluidity  of  Mixtures  of  Toluene  and  Carbon  Bisul- 
phide at  25°. 

Percentage  of  car- 


bon  bisulphid* 

:. 

Viscosity. 

Fluidity. 

0.000 

0.00541 

1848 

36.758 

0.00469 

213.2 

62.008 

0.00417 

239-8 

92.731 

0.00370 

270.3 

100.000 

0.00358 

279-3 

»  Am.  J.  Sci.,  2,  331 

(1896). 

»  J.  Chem.  Soc.  71, 

361  {1897). 

*  I.inebarger :  Am. 

J.  Sci..  a,  331 

(1896). 
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Lvgu^re    I. 

I.  =  Ethyl  acetate  and  carbon  bisulphide. 
II.  =  Toluene  and  carbon  bisulphide. 

III.  =  Toluene  and  ethyl  acetate. 

IV.  =  Benzene  and  toluene. 

V.  =  Benzene  and  chloroform. 
VI.  =  Carbon  tetrachloride  and  chloroform. 
VII.  =  C.'irbon  tetrachloride  and  benzene. 


jle  III.'— Fluidity 

of  Mixtures  of  Toluene  and 

Ethyl  Acetate 

at  25°. 

Percentage  of 

ethyl  acetate. 

viscosity. 

Fluidity. 

O.OOO 

0.00539 

185.5 

28.745 

0.00509 

196.5 

54699 

0.00481 

207.9 

84.292 

0.00466 

214.6 

100.000 

0.00462 

216.5 

I<inebarger  :  Am.  J 

Sci. 

a,  331 

(1896). 
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Table  IV} — Fluidity  of  Mixtures  of  Benzene  and  Toluene  at  25". 


Percentage  of 

toluene. 

Viscosity. 

Fluidity. 

0.000 

0.00599 

166.9 

8.444 

0.00594 

168.4 

33424 

0.00579 

172.7 

69.412 

0.00558 

179.2 

89.009 

0.00555 

180.2 

100.000 

0.00541 

184.8 

Table  V}— Fluidity  0, 

f  Mixtures  of  Benzene  and  Chloroform  at 

25"- 

Percentage  of 

chloroform. 

Viscosity. 

Fluidity. 

0.000 

0.00599 

166.9 

14.169 

0.00587 

170.4 

27.220 

O.OO5S1 

172. 1 

76.990 

0.00557 

179-5 

93033 

0.00546 

183.2 

100.000 

0.00540 

185.2 

Table  VI.'-Fluidity 

of  Mixtures  of  Carbon 
Chloroform  at  2$°. 

Tetrachloride  and 

Percentage  of 

chloroform. 

Viscosity. 

Fluidity. 

0.000 

0.00883 

113-25 

18.828 

0.00761 

131. 41 

42.723 

0.00659 

151-75 

80.731 

0.00569 

1757 

100.000 

0.00540 

185.2 

Table  VII.'— Fluidity 

of  Mixtures  of  Carbon  Tetrachloride  and 

Benzene  at  25° . 

Percentage  of 

benzene. 

Viscosity. 

Fluidity. 

0.000 

O.OO8S3 

113-25 

13-727 

0.00808 

12376 

40.780 

0.00706 

141.64 

58.600 

0.00660 

151.52 

100.000 

0.00599 

166.9 

In  Fig.  2  and  in  Tables  VIII.  to  XIV.  are  represented  the 
fluidities  of  several  pairs  of  substances  whose  viscosity  curves 
are  considerably  sagged.  Figures  showing  the  character  of 
these  viscosity  curves  have  been  published  by  Dunstau.'   Ben- 

1  Linebarger  :  Am.  J.  Sci^,  2,  331  (1896). 
«  J.  Chem.  Soc,  85,  821  (1904). 
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zene  and  ethyl  acetate,  VIII.,  nitrobenzene  and  ethyl  acetate, 
IX.,  and  nitrobenzene  and  benzene,  X.,  form  a  third  trio  of 
pairs  of  substances.  The  second  gives  a  curve  that  is  some- 
what sagged.  The  others  are  nearly  straight.  Ethyl  alcohol 
and  acetone,  XI.,  give  a  straight  line  to  the  limits  of  experi- 
mental error.  I  have  observed,  moreover,  that  there  is  no 
perceptible  contraction  or  evolution  of  heat  on  mixing  these 
components.  Turpentin  and  toluene,  XII.,  and  ethyl  ben- 
zoate  and  toluene,  XIII.,  give  figures  that  are  slightly  curved 
but  in  opposite  directions.  In  this  connection  it  should  be  re- 
called that  in  certain  cases  there  is  a  very  marked  change 
which  takes  place  when  two  liquids  are  mixed,  similar  to  that 
which  is  observed  in  all  of  the  aqueous  mixtures.  Hence  it 
would  not  be  surprising  if  no  two  liquids  give  a  curve  that  is 
absolutely  a  straight  line ;  but  when  there  are  deviations  in 
fluidity  from  the  normal,  there  ought  also  to  be  evidence  of 
abnormality  in  other  physical  properties.  Since  no  such  evi- 
dence is  available  in  the  above  cases,  we  must  be  satisfied  that 
the  curves  are  approximately  straight  lines  in  such  a  large 
number  of  instances. 

It  will  be  helpful,  at  this  point,  to  give  some  of  the  conclu- 
sions of  previous  workers  on  the  viscosity  observations,  because 
considerations  of  fluidity  throw  some  light  upon  those  points 
that  seemed  quite  obscure  when  viscosities  alone  were  con- 
sidered. Dunstan.Wor  example,  remarks  that  "The  law  of 
mixtures  is  never  accurately  obeyed  and  divergences  from  it 
seem  to  be  more  clearly  marked  out  in  the  case  of  viscosity 
than  with  other  properties,  such  as  refractive  index."  Thorpe 
and  Rodger'  say  :  ' '  The  observations  described  in  this  paper 
afford  additional  evidence  of  the  fact  indicated  by  Wijkander' 
and  supported  by  lyinebarger,*  that  the  viscosity  of  a  mixture 
of  miscible  and  chemically  indifferent  liquids  is  rarely,  if  ever, 
under  all  conditions,  a  linear  function  of  the  composition.  It 
seldom  happens  that  the  liquid  in  a  mixture  preserves  the  par- 
ticular viscosity  it  possesses  in  the  unmixed  condition.     To 

1  J.  Cliem.  Soc,  85.  819  (1904). 

«/Wrf.,  7l,374('897). 

» I.uads.  Phys.  Sallsk.  Jubelschrift,  1878.    Weid.  Beibl.,  8.  3  (1879)- 

♦Am.  J.  Sci.,  II,  331  (1896). 
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judge  from  the  instances  heretofore  studied,  the  viscosity  of 
the  mixture  is,  as  a  rule,  uniformly  lower  than  the  mixture 
law  would  indicate,  but  no  simple  relation  can  yet  be  traced 
between  the  viscosity  of  a  mixture  and  that  of  its  constituents." 
They  are  so  confident  that  there  is  some  uncomprehended 
principle  which  causes  the  viscosity  curve  to  always  fall  below 
the  straight  line,  that  they  make  the  following  statement'  in 
regard  to  the  viscosity  curves  of  Linebarger,  which  are  very 
nearly  straight  lines:  "The  observed  viscosities  in  general 
are  less  than  those  calculated  by  the  mixture  rule,  except,  pos- 
sibly, in  the  case  of  mixtures  of  benzene  and  chloroform  and 
mixtures  of  carbon  disulphide  with  benzene,  toluene,  ether 
and  acetic  ether,  where,  possibly,  the  temperature  of  observa- 
tion (25°)  was  too  near  the  boiling-point  of  the  carbon  disul- 
phide to  make  any  specific  influence,  which  that  liquid  might 
exert  at  lower  temperatures,  perceptible."  This  assumption 
is  not  necessary  according  to  the  new  view.  Thus  are  ex- 
plained not  only  the  deviations  from  the  values  of  the  viscosi- 
ties expected  according  to  the  rule  of  mixtures,  but  also  even 
those  perplexing  cases  where  the  rule  is  obeyed. 

Table  VIII* — Fluidity  of  Mixtures  of  Benzene  and  Ethyl  Acetate 
at  25". 


Percentage  of 
ethyl  acetate. 

Viscosity. 

Fluidity. 

O.coo 

19.197 

48.596 

84.406 

100.000 

0.00599 
0.00551 
0.00487 
0.00442 
0.00434 

166.9 

181. 5 

205.3 
226.2 

230.4 

ibU  IX.'-Fluidity 

of  Mixtures  of 

Nitrobenzene  and 

Acetate  at  25" 

Percentage  of 
ethyl  acetate. 

Viscosity. 

Fluidity. 

0.00 

2447 

43-90 

77.10 

100.00 

0.01834 
0.01204 
0.00889 
0.00582 
0.00434 

54-52 

8305 

112.49 

171. 8 

229.9 

>  J.  Chera.  Soc,  71,  36; 
«  I<inebarger :  Am.  J.  1 

t  (1897). 

Sci..  a,  33«  (1896). 
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zoy.      4c;:       coy. 

reTcentage  C  ompo^ition. 
rig-u.re.     /C . 

VIII.  =  Benzene  and  ethyl  acetate. 
IX.  =  Nitrobenzene  and  ethyl  acetate. 
X.  =  Nitrobenzene  and  benzene. 
XI.  =  Ethyl  alcohol  and  acetone. 
XII.  =  Turpentin  and  toluene. 
XIII.  =  Ethyl  benzoate  and  toluene. 
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Table  X} — Fluidity  of  Mixtures  of  Nitrobenzene  and  Benzene 
at  23°. 


Percentage  of  benzene. 

Viscosity. 

Fluidity. 

0.000 

0.01834 

54.53 

14394 

O.OI417 

69.58 

37.610 

O.OIOI7 

98.33 

80.053 

0.00681 

146.8 

100.000 

0.00599 

166.9 

Table  XI.^— Fluidity  of  Mixtures  of  Ethyl 

Alcohol  and  Acetone 

at  25°. 

Percentage  of  acetone. 

Viscosity. 

Fluidity. 

0.00 

O.OIII5 

89.71 

22.46 

0.007168 

139.50 

27.77 

0.006510 

153.61 

35.11 

0.005797 

172.3 

36.83 

0.005636 

177.3 

4338 

0.005162 

1937 

44-50 

0.005028 

198.9 

51.57 

0.004620 

216.5 

70.34 

0.003836 

260.7 

100.00 

0.003125 

320.0 

Table  XII.'— Fluidity 

of  Mixtures  of  Turpentin   and  Toluene 

at  25°. 

Percentage  of  toluene. 

viscosity. 

Fluidity. 

0.000 

0.01343 

74-47 

6.791 

0.01192 

83.88 

20.654 

0.00978 

102.2 

53.701 

0.00701 

142.6 

75091 

0.00607 

164.7 

100.000 

0.00539 

185.5 

Table   XIII. 


Percentage  of  toluene. 

0.000 

15.282 

47322 

76.170 

100.000 


Fluidity   of  Mixtures  of   Ethyl   Benzoate  and 
Toluene  at  25**. 

viscosity.  Fluidity. 

0.01954  51.18 

0.01495  66.89 

0.00939  106.5 

0.00679  147.3 

0.00539  185.5 


'  Dunstan  :  J.  Chem.  Soc.,  85,  822  (1904). 
«  Llnebarger:  Am.  J.  Sci.,  2,  331  (1896). 
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In  Fig.  3,  Tables  XIV.  to  XVII.,  are  represented  another 
trio  of  pairs  of  substances — carbon  bisulphide  and  ether,  XIV., 
benzene  and  ether,  XV.,  and  benzene  and  carbon  bisulphide, 
XVI.  The  curves  for  the  first  two  are  very  nearly  straight 
lines,  that  for  the  third  is  slightly  sagged. 


no;.     ~^7.      ^^^7     W% 

Percentage  Com/bosifjorv. 


iO0  7. 


vgure 


5. 


XIV.  =  Carbon  bisulphide  and  ether. 
XV.  =  Benzene  and  ether. 
XVI.  =  Benzene  and  carbon  bisulphide. 
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Table  XIV.^ — Fltiidities  0}  Mixtures  of  Carbon  Bisulphide  and 
Ether  at  25°. 

Percentage  of  ether.  Viscosity.  Fluidity. 

0.000  0.00358  279.3 

13.100  0.00338  295.9 

34.367  0.00306  326.8 

62759  000269  3717 

100.000  0.00230  434  8 

Table  XV} — Fluidity  of  Mixtures  of  Benzene  and  Ether  at  25°, 

Percentage  of  ether.  Viscosity.  Fluidity. 

0.000  0.00599  166.9 

24.309  000438  228.3 

43  076  0.00362  276  2 

71.424  000282  354-6 

100.000  0.00230  434-8 

Table  XVI} — Fluidity  of  Mixtures  of  Benzene  and  Carbon  Bi- 
sulphide at  25°. 


Percentage  of 

carbon  bisulphide. 

Viscosity. 

Fluidity. 

0  000 

0.00599 

166.9 

24  114 

0.00544 

1838 

65  142 

0  00446 

224.2 

91.127 

0.00376 

266.0 

100.000 

0.00358 

279-3 

Fig.  4,  Tables  XVII.  and  XVIII.,  represent  the  fluidities 
of  mixtures  of  methyl  iodide  aud  carbon  bisulphide  at  0°,  20** 
and  40"*,  and  of  carbon  tetrachloride  and  benzene  at  0°,  30** 
and  60°.  The  fluidity  values  for  methyl  iodide  and  carbon 
bisulphide  mixtures  are  slightly  greater  than  normally  would 
be  expected ;  but  at  low  temperatures  the  effect  is  less 
marked.  Now  this  increase  in  the  fluidity  may  be  explained 
as  due  to  some  change  taking  place  when  the  components  are 
brought  together — perhaps  a  breaking  down  of  a  few  molecu- 
lar aggregations,  which  would  naturally  be  facilitated  by  heat. 
This  view  accords  with  the  facts  and,  fortunately,  Thorpe  and 
Rodger^  furnish  other  data  that  support  it.  They  found  that 
when  methyl  iodide  and  carbon  bisulphide  are  mixed  an  ex- 
pansion occurs  which  is  quite  marked.     With  carbon  tetra- 

1  I<inebarger :  Am.  J.  Sci.,  a,  331  (:896). 
»  J.  Chenv  Soc,  71,  367   (1897). 
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chloride  and  benzene  there  is  also  an  elevation  of  the  fluidity 
curves  above  the  normal,  but  it  is  much  less  pronounced  than 
in  the  previous  case,  especially  at  low  temperatures.  Thorpe 
and  Rodger  found  that  when  carbon  tetrachloride  and  benzene 
are  mixed  there  is  no  expansion  at  all,  but  perhaps  a  very 
slight  contraction. 


zo/.      407'       ^07^      so;, 

Percentage  Co mjboi it lor\ 
Figure     r. 

XVII.  =  Methyl  iodide  and  carbon  bisulphide  at  o«>,  20°  and  40*, 
XVIII.  =  Carbon  tetrachloride  and  benzene  at  0°,  30°  and  60", 
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Table  XVII} — Fluidity  of  Mixtures  of  Methyl  Iodide  and  Car- 
bon Bisulphide  at  o",  20°  and  40°. 


Percentage  of 

Fluidity 

Fluidity 

Fluidity 

carbon  bisulphide.          at  o°. 

at  20°. 

at  40°. 

0 

168.  I 

206.6 

2445 

25 

196.5 

234-2 

272.1 

50 

214.6 

252.5 

293-3 

75 

226.2 

265.3 

307.7 

100 

232.6 

273.2 

312.5 

Table  XVIII?- 

-Fluidity  of  Mixtures  of  Carbon 

Tetrad 

and  Benzene  at  0°, 

,  30"  and  <$o°. 

Percentage  of 

Fluidity 

Fluidity 

Fluidity 

benzene. 

at  0°. 

at  30°. 

at  60°. 

0 

74.41 

119.05 

171. 8 

25 

84.75 

137-93 

201.6 

50 

94-34 

153-H 

224.7 

75 

103.09 

167.8 

241-5 

100 

110.62 

178.6 

256.4 

Fig.  5  represents  the  fluidities  of  chloroform  and  ether  at 
0°  and  30°.  In  this  case  there  is  a  pronounced  sagging  in  the 
fluidity  curve.  The  effect  is  less  marked  at  the  higher 
temperature.  If  the  view  which  I  suggest  is  correct,  it  must 
be  assumed  that  when  the  chloroform  and  ether  are  mixed, 
a  change  takes  place,  which  causes  the  fluidity  to  be  abnormal. 
It  is  convenient  to  conceive  of  this  as  a  tendency  on  the  part 
of  these  liquids  to  form  molecular  aggregations  with  each 
other.  Were  these  formed,  they  would  be  less  stable  at  the 
higher  temperatures  and,  consequently,  the  sagging  would  be 
less  pronounced.  This  again  accords  with  the  facts,  but 
Thorpe  and  Rodger*  have  furnished  other  data  that  are  of 
interest.  When  chloroform  and  ether  are  mixed  there  is  "  a 
considerable  evolution  of  heat  and  a  notable  contraction." 
They  have  measured  this  contraction  at  0°  for  the  four  mix- 
tures with  which  they  worked.  They  found  that  the  greatest 
contraction  took  place  in  the  mixture  containing  40.14  per 
cent  of  ether  and  59.86  per  cent  of  chloroform.  On  plotting 
the   fluidities  on   a  large  scale  and  measuring  the  deviation 

>  Thorpe  and  Rodger:  J.  Chem.  Soc.,  71,  370,  366  (1897). 
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from  the  normal  fluidity  curve  the  maximum  deviation  is 
found  to  be  most  probably  in  a  mixture  containing  39  per  cent 
of  ether  ;  but  on  account  of  the  large  degree  of  curvature  and 
the  scarcity  of  the  determined  points,  it  is  impossible  to  locate 
the  exact  position  of  greatest  deviation  within  some  3°  of  this 
value.  On  plotting  the  contractions  in  volume  as  ordinates 
and  the  percentage  compositions  as  abscissae,  the  maximum 
contraction  is  seen  to  be  most  probably  in  a  mixture  contain- 
ing less  than  40  per  cent  of  ether  and  perhaps  less  than  39  per 
cent.  Here  again,  however,  it  is  impossible  to  locate  the  ex- 
act point.  Thus  in  the  only  case  where  the  data  are  sufficient, 
there  is  a  quantitative  agreement  between  the  abnormality  in 
fluidity  and  volume. 

It  should  be  mentioned  that  the  viscosity  curves  for  this 
pair  of  substances  show  an  inflection-point.  To  explain  this 
according  to  the  view  that  viscosities  are  additive,  it  was 
necessary  to  make  two  very  doubtful  assumptions.'  Accord- 
ing to  the  view  here  presented,  only  one  new  assumption  is 
necessary,  viz.,  that  there  is  a  change  which  takes  place  when 
these  components  are  mixed.  This  assumption  has  been 
shown  to  be  entirely  supported  by  the  facts. 

Chloroform  and  ether  thus  present  a  case  exactly  similar  to 
what  is  found  quite  uniformly  in  aqueous  mixtures,  there  be- 
ing contraction,  evolution  of  heat  and  a  large  decrease  in 
fluidity,  but  in  a  less  pronounced  degree. 

It  was  convenient  to  refer  to  this  change  as  though  due  to 
molecular  aggregations  formed  by  the  mutual  action  of  the  two 
liquids.  In  another  connection  the  expression  "breaking 
down  of  molecular  aggregations"  was  employed.  It  is  not  in- 
tended by  these  phrases  to  introduce  a  theory  as  to  the  cause 
of  the  abnormality,  the  terms  have  been  previously  employed 
in  viscosity  discussions  and  are  convenient  as  names  for  phe- 
nomena. It  may  be  that  the  true  explanation  of  the  abnor- 
mality is  more  deep-seated,  for  if  it  is  true  that  viscosity, 
in  liquids,  is  dependent  upon  the  attractions  between  the  mole- 
cules, then,  if,  for  any  reason,  there  is  a  contraction  on  mixingtwo 
liquids,  the  molecules  will  be  brought  closer  together  than  would 

»  J.  Chem.  Soc,  71,  374  (1897). 
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Otherwise  be  expected  and  the  attractions  between  the  molecules 
will  be  increased.  This  will  cause  a  decrease  in  the  fluidity 
from  the  value  calculated  by  the  rule  of  mixtures.  In  a  simi- 
lar manner  an  expansion,  on  mixing  the  liquids,  will  cause  an 
increase  in  the  fluidity.  Of  course  two  liquids  may  form  these 
molecular  aggregates  on  mixing  whenever  there  is  a  contrac. 
tion,  but  there  is  no  proof  that  the  formation  of  such  aggre. 
gates  is  necessary. 

Ethyl  alcohol  and  ethyl  mercaptan,  XX.,  give  fluidities 
which  are  somewhat  similar  to  those  of  chloroform  and  ether, 
but  data  in  regard  to  other  physical  properties  of  these  mix- 
tures are  not  available. 


Table  XIX} — Fluidity  of  Mixtures  of  Chloroform  and  Ether  at 
o°  and  30°. 


Percentage  of 
ether. 

0.00 

15  94 
40.14 
59.80 
79-30 
100.00 


viscosity 
at  0°. 

0.00700 

0.00678 

0.00562 

0.00440 

0.00350 

0.00286 


Fluidity 
at  0°. 

142.9 

1475 
177.9 
227.2 
285.7 

349-6 


Viscosity 
at  30°. 

0.005  1 1 

0.00472 

0.00382 

0.00310 

0.00254 

0.00212 


Fluidity 
at  30°. 


195 
211 
261 
322 

393 
471 


Table  XX} — Fluidity  of  Mixtures  of  Ethyl  Alcohol  and  Mercap- 


Percentage  of  mercaptan. 
0.00 
3-48 

9-47 
12.30 
13.88 
16.25 
32.54 
35-97 
44.76 
68.05 
100.00 


tan  at  2y. 

viscosity. 

O.OIII3 

0.01048 

0.009731 

0.009305 

0.008559 

0.008385 

0.006525 

O.O06119 

0.005821 

0.004083 

0.002091 


Fluidity. 
89-5 

4 
8 


95 
102 
107 
114 
119 
153 
163 
171 
244 
478 


Thorpe  and  Rodger  :  J.  Chem.  Soc,  71,  373  (1897). 
Diinstan  :  Ibid.,  85,  821  {1904). 
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XIX.  =  Chloroform  and  ether  at  o°  and  30°. 

In  Fig.  6  are  shown  three  other  examples  of  pairs  of  liquids 
which  behave  abnormally,  but  the  data  in  regard  to  them  is 
not  sufficiently  complete  to  furnish  any  new  information. 
Ethyl  alcohol  and  carbon  bisulphide,  XXI.,  give  a  con- 
siderably sagged  curve  ;  ethyl  alcohol  and  benzene,  XXII., 
show  a  sharp  maximum  in  a  94  per  cent  mixture  ;  benzalde- 
hyde  and  ethyl  alcohol,  XXIII.,  also  show  a  maximum  in 
fluidity. 
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XXI.  =  Ethyl  alcohol  and  carbon  bisulphide. 
XXII.  =  Ethyl  alcohol  and  benzene. 
XXIII.  =  Benzaldehyde  and  ethyl  alcohol. 


Table  XXI} — Fluidity  of  Mixtures  of  Ethyl  Alcohol  and  Carbon 
Bisulphide  at  25°. 


Percentage  of 

carbon  bisulphide. 

Viscosity. 

Fluidity. 

0.00 

O.OIII3 

89.85 

16.91 

0.009448 

105.84 

19.29 

0.009535 

104.88 

25.64 

0.009065 

110.32 

32.31 

0.008407 

118.95 

39.50 

0.007621 

131-21 

52.82 

0.006659 

150.17 

69.95 

0.005669 

176.35 

73.50 

0.005466 

182.9 

81.93 

0.004926 

203.1 

100.00 

0.003656 

273.6 

Dunstan  :  J.  Chem.  Soc. 

8s,  820  (1904). 
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Table  XXII}— Fluidity 

of  Mixtures 
zene  at  25°. 

of  Ethyl  Alcohol  am 

Percentage  of  benzene. 

Viscosity. 

Fluidity. 

o.oo 

O.OII3O 

88.50 

8.47 

O.OIOI3 

98-72 

17.00 

0.009545 

104.77 

28.90 

0.008837 

113. 16 

45-60 

0.007758 

128.89 

50.91 

0.007282 

137-33 

67.58 

0.006514 

153-52 

69.49 

0.006465 

154-68 

76.53 

0.006071 

164.71 

80.38 

0.005885 

170.0 

88.03 

0.005669 

176.2 

98.86 

0.005668 

176.3 

100.00 

0.005821 

171. 8 

Table  XXIII .'—Fluidity 

'  of  Mixtures  < 

of  Benzaldehyde  and 

Alcohol  at  25 

0 

Percentage  of 

ethyl  alcohol. 

Viscosity. 

Fluidity. 

0.00 

0.01445 

69.20 

9-37 

0.01362 

73-42 

20.68 

0.01308 

76.48 

i              46.04 

O.OII58 

86.36 

67.53 

O.OIO4I 

96.06 

76.40 

O.OIO5I 

95-15 

79.33 

0.01050 

95-24 

88.35 

0.01092 

91.58 

100.00 

O.OIII3 

89.86 

Previous  observers,  studying  the  viscosity  of  mixtures,  ex- 
pected to  find  the  viscosity  to  be  normally  a  linear  function  of 
the  composition,  but  the  exceptions  were  so  frequent  that  they 
were  assumed  to  be  the  rule.  Nevertheless,  there  were  a  few 
perplexing  cases  where  the  viscosity  did  obey  the  mixture- 
rule.  In  this  paper  I  have  tried  to  show,  from  theoretical  con- 
siderations, that  fluidities  alone  should  be  additive  and  that  the 
normal  viscosity  curve  should  be  hyperbolic.  I  have  also 
taken  recorded  viscosity  data  and  shown  that,  in  a  large  num- 
ber of  instances,  the  fluidity  curves  of  mixtures  are  nearly  straight 
lines.     The  viscosity  data  for  aqueous  mixtures  have  not  been 

1  Dunstan  :  J.  Chem.  Soc,  85,  822  (1904). 
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considered  here  because,  when  water  is  mixed  with  other 
liquids,  there  evidently  occurs  some  unusual  change,  for  there 
is,  in  general,  a  contraction,  an  evolution  of  heat  and  a  large 
decrease  in  fluidity.  In  the  case  of  chloroform  and  ether  a 
somewhat  similar  condition  is  observed.  Thorpe  and  Rodger^ 
found  a  considerable  evolution  of  heat  and  a  notable  contrac- 
tion. I  have  shown  that  there  is  a  considerable  sagging  in  the 
fluidity  curve,  and  that  the  maximum  deviation  occurs  in  the 
mixture  where  there  is  the  greatest  contraction.  Methyl 
iodide  and  carbon  bisulphide  expand  on  mixing  and  I  have 
found  that  there  is  an  increase  in  the  fluidity  over  the  values 
expected  by  the  mixture-rule.  Thus  there  seems  to  be  a 
parallelism  between  the  changes  in  fluidity  and  the  other  phys- 
ical properties  for  which  data  are  available. 

The  departures  of  the  viscosity  curves  from  the  straight  line 
are,  therefore,  satisfactorily  explained  and  those  cases  which 
follow  the  mixture-rule  are  equally  well  explained.  The  in- 
flection-point in  the  viscosity  curve  of  chloroform  and  ether  is 
also  now  accounted  for  in  a  manner  which  is  in  harmony  with 
the  facts. 

I  hope,  later,  to  compare  the  fluidities  of  aqueous  mixtures 
with  various  other  physical  properties,  and  to  investigate  more 
closely  the  cases  which  seem  to  show  abnormality. 

I  have  done  a  good  deal  of  work  upon  the  fluidities  of  pure 
liquids  at  diflferent  temperatures,  using  the  elaborate  viscosity 
data  of  Thorpe  and  Rodger.''  The  results  will  be  communica- 
ted in  a  second  paper.  The  relations  are  more  interesting  than 
those  which  appear  with  liquid  mixtures,  because  any  tendency 
on  the  part  of  two  liquids  to  form  molecular  aggregates  with 
each  other  is  eliminated;  the  conditions  are  simpler  and,  there- 
fore, a  maximum  in  such  fluidity  curves  would  not  be  ex- 
pected. 

The  curves  are  very  nearly  straight  lines  for  all  unassociated 
compounds  and  the  fluidities  of  the  compounds,  in  a  homolo- 
gous series,  at  any  given  temperature,  decrease  regularly  as 
the  molecular  weight  increases.     Thus,  when  the  fluidities  are 

1  J.  Chem.  Soc,  71,  370  {1897)- 

2  Phil.  Trans.,  i8sA,  307  (1894)- 
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plotted  as  ordinates  and  the  temperatures  as  abscissae,  a  series 
of  nearly  straight  and  parallel  lines,  inclined  at  a  definite  angle 
to  the  X-axis,  are  obtained.  With  associated  compounds  ab- 
normalities appear,  as  would  be  expected.  The  fluidities  of 
compounds  in  a  homologous  series,  notably  the  acids,  no 
longer  increase  regularly  as  the  molecular  weight  increases. 
This  is  especially  noticeable  among  the  first  members  of  the 
series.  With  the  heavy  alcohols,  at  low  temperatures,  the 
fluidity  increases  more  rapidly  than  would  be  anticipated,  the 
fluidity  curves  becoming  fairly  straight  only  at  very  high  tem- 
peratures. This  is  in  harmony  with  the  theory  of  Kohlrausch^ 
and  Bousfield  and  I^owry,*  that  the  fluidity  of  a  liquid,  on  sim- 
ple cooling,  should  never  become  zero,  but  asymptotic  to  the 
X-axis.  Since  the  fluidity  curve,  at  high  temperatures,  be- 
comes nearly  a  straight  line  inclined  at  a  definite  angle  to  the 
X-axis,  there  is  reason  for  supposing  that  the  complete  for- 
mula for  the  fluidity  of  a  pure  liquid  at  different  temperatures 
would  be  a  hyperbola.     The  formula  of  viscosity  commonly 

used,  rt  =  — ; 7— — ^-7^,   where  C,   a   and   ft  are   constants, 

I  +  a/  -f  pr 

tacitly  assumes,  however,  that  the  fluidity  curve  has  a  para- 
bolic form,  since 

V 
This  leads,  therefore,  to  the  same  conclusion  that  Kohlrausch' 
reached  by  a  different  method,  that  this  formula  cannot  ex- 
press the  viscosity  relation  over  the  widest  possible  range  of 
temperature.     An  expression  of  the  form 

/• 


<t>  —  at  —  b' 


where  c,  a  and  b  are  constants  would,  apparently,  be  more 
suited  to  the  theoretical  requirements  ;  it  gives  good  results  in 
certain  cases  that  have  been  tested,  when  the  values  of  the 
fluidities  calculated  are  compared  with  those  taken  directly 

1  p.  Roy.  Soc,  71,  344  (1903)- 
»  Ibid.,  70,  42  (1902). 
8  Loc.  cit. 
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from  the  viscosity  observations.  It  is  hoped  that  further  work 
along  this  line  will  give  some  light  on  the  association  or 
molecular  aggregations  in  pure  liquids,  which  cause  the  bend- 
ing of  the  fluidity  curves. 

Leipzig,  September,  1905. 


REACTIONS  BETWEEN  LEAD  CHLORIDE  AND  EEAD 

ACETATE    IN   ACETIC   ACID   AND    WATER 

SOLUTIONS. 

By  John  White. 

The  chloride,  bromide,  iodide  and  sulphate  of  lead,  and  per- 
haps other  salts  as  well,  dissolve  much  more  readily  in  water 
solutions  of  the  alkali  acetates  and  tartrates  than  in  water 
alone.  In  the  case  of  the  sulphate,  this  fact  has  long  been 
known  and  made  use  of  for  purposes  of  analysis.  Since  the 
reactions  have  been  but  slightly  studied,  some  time  ago  I 
began  an  investigation  of  them,  with  the  object  of  deter- 
mining their  character,  if  possible.  One  paper  upon  the 
subject  has  already  been  published  ;^  it  dealt  with  the  reac- 
tions between  lead  iodide  and  the  acetates.  Since  then  the 
work  has  been  interrupted,  and  it  has  only  recently  been  pos- 
sible to  take  it  up  again. 

Meanwhile  certain  confirmatory  evidence  as  to  the  existence 
of  compounds  of  the  type  described  in  the  previous  paper  has 
been  furnished  through  the  work  of  Colson^  on  barium  aceto- 
chloride,  and  of  Lemoult'  on  lead  acetothiosulphate.  In  the 
present  paper  I  shall  endeavor  to  present  additional  evidence 
for  the  correctness  of  the  formulas  which  have  been  suggested. 
No  attempt  has  been  made  to  formulate  these  compounds 
strictly  in  accordance  with  any  of  the  existing  theories  of 
structure,  because  no  definite  information  concerning  their 
molecular  complexity  has,  as  yet,  been  obtained. 

No  very  satisfactory  explanation  of  the  increased  solubility  of 

>  This  Journal,  31,  i  (1904). 

2  Corapt.  rend.,  137,  660,  1061  11903).  Although  the  publication  of  Colson's  article 
antedates  mine,  the  latter  had  been  written  and  was  awaiting  publication  fully  two 
months  previous  to  the  appearance  of  his. 

'  Ibid.,  139,  422  (1904). 
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the  lead  salts  in  metallic  acetates  and  tartrates  has  been  offered  ; 
the  general  assumption  has  been  made  that  there  is  formed  a 
complex  ion/  containing  lead.  In  a  recent  publication,  Noyes 
and  Whitcorab^  have  attempted  to  decide  this  question  by 
studying  the  solubilities  of  lead  sulphate  in  solutions  of  am- 
monium and  sodium  acetate  and,  as  a  result  of  conductivity 
and  migration  measurements,  they  have  concluded  that  the  in- 
creased solubility  of  the  sulphate  is  due  mainly  to  double  de- 
composition, with  the  formation  of  unionized  lead  acetate.  As 
between  the  suggested  explanations,  I  have  not  been  able  to 
decide  which  the  more  correctly  explains  the  increased  solu- 
bility, but  as  a  result  of  my  own  work,  I  am  rather  inclined  to 
believe  that,  at  least  in  some  cases,  the  complex  ion  hypothesis 
more  nearly  represents  the  reaction  which  takes  place.  My 
previous  work  on  lead  iodide  has  shown  that  this  dissolves  in 
many  of  the  metallic  acetates  with  the  formation  of  complex 
salts,  which  are  either  to  be  regarded  as  double  salts  pure  and 
simple,  or  better,  by  assuming  the  intermediate  formation  of  a 

+ 
complex  ion,  PbCoH^O^,  which  is  subsequently  converted  into 

the  difficultly  soluble  complex  salt.  That  metathesis  may 
take  place  under  certain  conditions,  I  am  prepared  to  admit, 
for  I  have  found  that,  when  lead  chloride  is  dissolved  in  an 
aqueous  or  alcoholic  solution  of  potassium  or  sodium  acetate, 
the  chlorides  of  potassium  or  of  sodium  can  readily  be  ob- 
tained ;  with  ammonium  acetate  the  reaction  is  quite  different, 
for  in  this  case  I  obtained  beautiful  crystals  of  the  compound 
2PbCl2.3NH3.  It  is  evident,  however,  that  when  lead  acetate 
is  used  as  the  solvent  for  the  chloride,  there  can  be  no  question 
of  metathesis,  yet  the  chloride  of  lead  is  distinctly  more  solu- 
ble in  the  acetate  than  in  water.  I  have,  moreover,  succeeded 
in  isolating  some  well  defined  products,  which  contain  both  the 
chloride  and  acetate  of  lead.  It  is  possible  that,  with  some 
other  combination,  Noyes  and  Whitcomb  might  have  been  led 
to  a  different  conclusion. 

I  have  found  that  the  behavior  of  lead  chloride  toward  lead 

1  Cf.   Abegg  and   Herz:    "Chemisches  Praktikum,"  p.  68.      Bailey  and  Cady: 
"  Qualitative  Analysis,"  p.  119.    Kahlenberg  and  Shreiner  :  Z.  physik.  Chem.,  17,  577, 

2  J.  Am.  Chem.  Soc,  27,  747  (1905). 
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acetate  is  markedl}'  influenced  by  the  nature  of  the  solvent 
used  ;  thus,  in  a  glacial  acetic  acid  solution  of  lead  acetate,  the 
chloride  dissolves,  forming  characteristic  crystals  of  the  com- 
position 

PbCl,.Pb(C,H30,)3.C,HA, 
or,  as  I  prefer  to  express  it, 

(PbCl.C,H,OJ,.C,HA. 
while  in  water  solutions  a  much  more  complex  compound,  of 
entirely  different  crystal  form,  is  produced,  viz.  : 

PbCl.C,H30,.Pb(C,H30J,.iC,HA. 
The  latter  is  readily  soluble  in  water  and  can  be  recrystallized 
undecomposed  from  such  solutions,  but  it  is  quite  easily  de- 
composed by  alcohol  and  acetic  acid,  yielding  lead  chloride,  or 
intermediate  compounds  richer  in  chlorine  than  the  original, 
while  the  former,  though  not  soluble  in  cold  acetic  acid,  is 
stable  towards  it,  but  is  rapidly  decomposed  by  water  and  alco- 
hol. Rough  quantitative  experiments  show  that  there  is  a 
certain  minimum  ratio  which  must  hold  between  the  acetate 
and  the  chloride,  in  order  that  the  latter  may  be  held  in  solu- 
tion, this  being,  to  some  extent,  independent  of  the  actual  con- 
centration. In  the  acetic  acid  solution  i  molecule  of  chloride 
requires  about  15  molecules  of  the  acetate  to  hold  it  in  solu- 
tion, while  in  water  solutions  only  4  molecules  are  needed.  A 
considerable  variation  of  the  amount  of  solvent  was  made  in 
each  case,  without  affecting  the  result  other  than  changing  the 
time  required  for  crystallization  to  set  in. 

Solution  of  Lead  Chloride  in  Acetic  Acid  Solution  of  Lead 
Acetate. — Appreciable  amounts  of  lead  chloride,  especially  if 
freshly  prepared,  dissolve  when  brought  into  a  hot  solution  of 
lead  acetate  in  glacial  acetic  acid.  The  proportions  used  should 
approximate  to  18  grams  of  the  acetate  for  each  gram  of  the 
chloride  ;  the  dilution  mainly  affects  the  time  required  for  the 
crystals  to  separate.  The  following  proportions  were  found  to 
give  a  good  yield  within  about  12  hours  :  Fifty  grams  of  lead 
acetate  in  60  to  70  cc.  glacial  acetic  acid  ;  the  boiling  solution 
will  dissolve  about  2.7  grams  of  lead  chloride,  without  subse- 
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quent  separation.  The  crystals  obtained  in  this  case  are  quite 
large,  with  sharply  defined  angles  ;  they  were  found  to  be 
prismatic  crystals  monoclinic  in  character. 

Some  diflficulty  was  experienced  for  a  time  in  finding  a  suit- 
able medium  for  washing  the  crystals ;  alcohol  was  tried  at  first, 
since  it  did  not  appear  to  act  very  rapidly  on  them,  but  it  was 
found  that  the  analytical  results,  especially  for  chlorine,  did 
not  agree  very  well  for  the  several  preparations,  and  that  they 
were  afi^ected  by  the  length  of  time  of  the  washing,  so  that  it 
was  concluded  that,  even  in  the  cold  and  with  rapid  washing, 
using  the  pump,  alcohol  was  not  entirely  without  action  ;  this 
was  subsequently  proven  to  be  the  case.  Cold,  glacial  acetic 
acid  was  eventually  made  use  of  for  washing  and  found  to 
serve  admirably,  as  there  was  practically  no  decomposition. 
Water  decomposes  the  substance  instantly.  The  general 
method  of  purification  was  to  drain  off  the  mother  liquor  by 
the  aid  of  a  pump,  using  a  Witt  filter,  then  wash  thoroughly 
with  glacial  acetic  acid,  and  place  in  a  desiccator,  over  quick- 
lime, for  the  removal  of  the  excess  of  acetic  acid. 

It  was  discovered  during  the  investigation  that,  in  drying 
over  lime,  some  difference  was  obtained  if  the  substance  was 
in  the  powdered  condition,  instead  of  the  original  coarse  crys- 
tals, and  that  this  difference  was  due,  probably,  to  the  loss  of 
some  acetic  acid  of  crystallization  after  powdering.  This  was 
tested  by  drying  some  of  the  original  crystals  over  lime  for  4 
days,  when  it  was  found  that  no  odor  of  acetic  acid  could  be 
detected.  A  portion  of  the  crystals  was  powdered  by  grind- 
ing in  an  agate  mortar,  and  the  powdered  portion  then  divided 
into  two  parts,  the  one  was  subjected  to  immediate  analysis,  the 
other  replaced,  together  with  the  unpulverized  substance,  in 
the  desiccator  over  lime.  The  odor  of  acetic  acid  became  very 
pronounced  upon  grinding  the  crystals.  The  results  of  the 
analyses  of  the  two  portions  are  given  below  : 

A . — Freshly  Ground  Portion. 

0.1375  gram  substance  gave  0.1167  gram  PbSO^. 
0.4554  gram  substance  gave  0.1809  gram  AgCl. 
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0.4080  gram  substance  gave  0.1882  gram  CO,  and  0.0678 
gram  H3O. 

B. — Pulverized  Portion,  Kept  Over  Lime  3  Days  Longer  {No 
Odor). 

0.0945  gram  substance  gave  0.0816  gram  PbSO^. 
0.3970  gram  substance  gave  0.1602  gram  AgCl. 
0.3506  gram  substance  gave  0.1405  gram  CO,  and  0.0538 
gram  H,0. 

C. — Another  Preparation,  Ground  and  Kept  Over  Lime  for 
Nearly  2  Weeks. 

0-0473  gram  substance  gave  0.0413  gram  PbSO^. 
0.2626  gram  substance  gave  o.  1057  gram  CO,  and  0.0385 
gram  HjO. 

It  was  found  that  the  original  crystals  could  be  kept  for  some 
time  over  lime  without  suffering  change,  although  they  lose 
acetic  acid  very  slowly. 

Numerous  preparations,  made  under  varying  conditions,  led 
to  similar  results,  and  to  the  conclusion  that  the  freshly  crys- 
tallized salt  has  a  composition  corresponding  to  the  formula 

PbCl.C,HAC,H,0,, 
but  that  it  has  a  tendency  to  lose  a  portion  of  its  acid  of  crys- 
tallization upon  standing,  especially  when  in  the  pulverized 
state.  Attempts  to  determine  the  acetic  acid  directly,  by  heat- 
ing, were  unsuccessful ;  constancy  of  weight  could  not  be  ob- 
tained, owing  probably  to  a  deeper  seated  decomposition  taking 
place. 

The  following  tabular  representation  will  serve  to  show  the 
change  occurring,  due  to  loss  of  acetic  acid  : 


Calculated  for 

Found. 

PbCl.CjHsOj.CjHtOj. 

PbCl.C,H,0j.4C,H402.     A. 

B. 

C. 

Pb         57.25 

62.43              5796 

58.97 

59.63 

CI           9.81 

10.69                 982 

9.98 

C           13.28 

10.86              12.58 

10.92 

10.98 

H            1.95 

1.52            1.86 

1.72 

1.64 

Carius'  has  described  a  compound  similar  to  the  above,  but 

»  Ann.  Chem.  (I,iebig),  las,  87  (1863). 
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without  acetic  acid  of  crystallization,  which  he  prepared  by 
heating  a  mixture  of  ethylene  chloride,  lead  acetate  and  acetic 
acid,  in  a  sealed  tube,  at  i8o°.  I  have  made  numerous  efforts 
to  prepare  the  substance  by  Carius'  method,  but  have  in  no 
case  obtained  a  compound  which  did  not  consist  mostly  of  lead 
chloride.  Neither  was  I  able  to  confirm  his  statement  that  the 
salt,  when  treated  with  water,  is  decomposed  first  to  a  white 
powder,  which  gradually  goes  into  solution,  forming  a  com- 
plex salt  soluble  in  water.  I  found  that  water  effects  an  in- 
stant and  complete  decomposition  of  the  substance,  forming 
lead  chloride,  but  could  detect  no  subsequent  tendency  for  this 
to  redissolve. 

The  Salt  Formed  in  Aqueous  Solution  of  Lead  Acetate. — 
Carius*  has  already  shown  that  lead  chloride  dissolves  in  an 
aqueous  solution  of  lead  acetate,  forming  a  crystalline  com- 
pound, to  which  he  ascribed  the  formula 

PbCl.C,HAPb(C,H30,),.3H,0. 

It  is  quite  probable,  from  the  method  of  procedure  described, 
that  the  product  obtained  by  him  was  somewhat  impure, 
hence  it  was  decided  to  repeat  the  experiments. 

Roughly  quantitative  measurements  indicate  that  i  molecule 
of  lead  chloride  requires  4  molecules  of  lead  acetate  to  effect 
its  solution,  and  that  this  ratio  is  not  materially  affected  by 
using,  instead  of  water,  dilute  alcohol,  60-70  per  cent.  In 
practice  it  has  been  found  that  water  containing  a  little  acetic 
acid  serves  best  as  solvent  and  that  the  following  proportions 
give  the  quickest  separation  of  crystals  and  the  best  yield  :  One 
hundred  cc.  water,  1-2  cc.  acetic  acid,  25-27  grams  lead  acetate 
and  5  grams  lead  chloride,  the  solution  taking  place  at  the 
boiling  temperature.  Under  these  conditions  there  is  no  sepa- 
ration of  lead  chloride  upon  cooling,  and  the  crystals  of  the 
substance  formed  separate  out  as  a  thick  mass,  consisting  of 
radiating  tufts  of  fine,  silky  needles.  The  conditions  of  forma- 
tion were  varied  for  the  different  preparations  within  quite 
wide  limits,  without  affecting  the  result. 

The  crystals  are  quite  easily  soluble  in  cold  water,  but  if  the 

^Loc.  cii. 
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solution  is  made  too  concentrated  some  decomposition  ensues, 
with  precipitation  of  lead  chloride.  I  have  usually  purified 
the  substance  for  purposes  of  analysis  by  draining  off  the 
mother  liquor  as  completely  as  possible  by  means  of  the  pump, 
washing  rapidly  with  several  portions  of  cold  water,  then  re- 
crystallizing  it  by  dissolving  the  solid  in  cold  water,  containing 
a  drop  of  acetic  acid,*  to  make  a  dilute  solution.  This  solu- 
tion was  allowed  to  evaporate  slowly  over  strong  sulphuric  acid 
until  the  crystals  began  to  appear.  Occasionally  lead  chloride 
in  small  amount  separated  out,  especially  if  the  original  solu- 
tion was  too  concentrated,  this  was  filtered  off.  The  crys- 
tals obtained  in  this  way  are  very  long,  but  of  too  small  cross- 
section  to  permit  of  a  determination  of  their  crystal  form. 
The  following  will  serve  as  a  typical  analysis  of  a  doubly  re- 
crystallized  salt,  dried  in  vacuo,  over  sulphuric  acid  : 

0.0707  gram  substance  gave  0.0646  gram  PbSO^  =  62.40 
per  cent  Pb. 

0.33 1 1  gram  substance  gave  0.0744  gram  AgCl  =  5.55  per 
cent  CI. 

0.2710  gram  substance  gave  o.  1051  gram  CO,  =  10.58  per 
cent  C. 

0.2710  gram  substance  gave  0.0454  gram  H,0  =  i.88  per 
cent  H. 

A  number  of  preparations  and  analyses  were  made  with  the 
object  of  definitely  determining  which  of  the  three  following 
possible  formulas  is  to  be  ascribed  to  the  salt,  viz.  : 

I.  II.  III. 

PbCl.CaHsOj. 
Pb(C2H30«)2.4C2H40a. 

63.04 

12.81 
1.69 

It  will  be  seen  that,  with  the  exception  of  the  lead  in  I.  and 
the  carbon  in  III.,  there  is  very  little  difference  in  the  percentages 
required  for  the  three,  the  difference,  in  no  case,  being  suflScient 

1  Water  alone  may  be  used,  but  unless  freshly  boiled,  the  carbon  dioxide  presen 
will  produce  a  cloudiness,  which  is  prevented  by  the  use  of  acetic  acid. 


PbCl.CoHsOj. 

PbCl.CoHgC 

Pb(C2H302)2.H20. 

Pb(C2H302)2.: 

Pb 

64.22 

62.47 

CI 

5.50 

5-35 

C 

10.70 

10.87 

H 

1. 71 

1.98 
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to  allow  of  a  positive  decision  between  them  based  upon  analy- 
sis. In  the  table  below  are  given  the  individual  determina- 
tions of  the  several  constituents,  together  with  the  mean  value 
in  each  case.  These  represent  a  number  of  different  prepara- 
tions : 


Pb. 

Cl. 

c 

:. 

H. 

Mean  value. 

62.80 

5.61 

10. 

•53 

1.73 

Pb 

63.05 

62.85 

5.60 

10, 

•47 

1.85 

Cl 

5-56 

63-25 

5.64 

10 

•58 

1.88 

C 

10.70 

63.51 

5.55 

10. 

,82' 

1.52^ 

H 

1. 71 

62.72 

5.53 

II, 

.12^ 

1.57' 

63.15 

5.44 

From  the  values  obtained,  it  is  not  definitely  certain  which 
of  the  three  proposed  formulas  is  to  be  ascribed  to  the  salt. 
An  attempt  at  drying,  with  the  object  of  determining  by  loss 
the  amount  of  water  or  of  acetic  acid  of  crystallization,  led  to 
no  very  satisfactory  result.  The  sample  lost  5.13  per  cent  in 
weight  after  drying  for  6  hours  at  104°,  but  absolute  con- 
stancy of  weight  could  not  be  obtained,  although  the  loss,  after 
drying  for  3  hours,  was  very  slow.  This  is  contrary  to  the  ex- 
perience of  Carius,*  who  states  that  the  water  of  crystallization 
could  be  easily  determined  by  drying  at  100".  Assuming  the 
loss  found,  viz.,  5.13  per  cent.,  to  be  approximately  correct, 
this  might  equally  well  be  taken  as  proving  either  Formula  II. 
or  III.,  the  first  of  these  requiring  a  loss  of  5.44  per  cent,  the 
latter  4.56  per  cent.  One  sample  which  had  stood  for  nearly  3 
months  in  a  desiccator,  over  concentrated  sulphuric  acid,  gave, 
upon  analysis,  5.55  per  cent  of  chlorine  and  1.52  per  cent  of 
hydrogen,  thus  showing  that  no  very  marked  loss  of  water,  or 
of  acetic  acid,  takes  place  under  these  conditions. 

Since  the  compound  is  readily  soluble  in  water,  an  attempt 
was  made  to  solve  the  problem  of  its  formula,  as  well  as  that 
of  similarly  constituted  compounds,  by  making  a  molecular 
weight  determination,  using  the  freezing  point  method.  The 
results  are  given  below.  I.,  II.  and  III.  here  refer  to  separate 
preparations  of  the  salt  : 

1  These  results  were  obtained  with  a  sample  that  had  been  kept  in  a  desiccator, 
over  sulphuric  acid,  for  several  months;  it  may  have  suffered  slight  change. 

2  Loc.  cit. 


Reactions   between  Lead   Chloride   and  Lead   Acetate.  225 
Solvent  Water — Molecular  Lowering  18^0. 


Weight  of  Weight  of 
substance,      water. 
Gram.          Grams. 

Freezing 
point  of 
water. 

Freezing 
point  of 
solution. 

Depression. 

Molecular 
weight. 

I. 

11. 
II. 

O.161I 

14.81 

2°. 286 

2°. 162 

0°.I24 

162.3 

0.1979 
0.1065 
0.1317 

12.93 
12.77 

4°. 227 
4°.383 

2°.i35 
4°.  136 
4".273 

o°.i5i 
o"'.09i 
o°.iio 

163.7 
167.4 
173-4 

The  molecular  weight  found,  166.7  (average),  being  very 
nearly  one-fourth  that  required  for  any  one  of  the  proposed 
formulas,  may  be  regarded  either  as  indicating  a  resolution  of 
the  substance  into  4  simpler  molecules  or  ions,  i.  e.,  indicating 
dissociation,  or  that  the  lowering  is  caused  entirely  by  lead 
acetate,  mol.  wt.  =  162.4.  The  latter  assumption,  if  true, 
might  be  taken  as  indicating  the  correctness  of  Formula  III., 
for  this  can  really  be  considered  as  consisting  of  2  molecules  of 
lead  acetate  plus  i  atom  of  chlorine,  the  additional  weight  of 
which  would  probably  not  be  detected  by  this  method  of  de- 
termining molecular  weights. 

On  looking  through  the  literature,  I  found  one  other 
salt  of  similar  composition  which  is  soluble.  This  is  the 
calcium  acetochloride,  CaCl.CjHgOj.sH^O,  which  has  been 
described  by  Fritsche.*  I  prepared  the  salt  according 
to  his  directions,  and  obtained  it  in  beautiful  crystals, 
the  analysis  of  which  agreed  well  with  the  formula. 
This  substance  is  easily  soluble  in  water,  and  with  it  I  made 
three  molecular  weight  determinations,  which  gave  89,  85  and 
87,  respectively.  This  is  approximately  one-half  of  that  re- 
quired for  a  compound  of  the  above  formula.  Here  again  it 
appears  that,  in  water  solution,  some  sort  of  dissociation  takes 
place,  the  nature  of  which  is  not  quite  clear. 

The  molecular  weight  determinations  of  the  salt  have,  there- 
fore, not  been  of  such  character  as  to  enable  me  to  decide  defi- 
nitely what  its  true  formula  is,  but  they  point,  perhaps,  more 
towards  the  correctness  of  the  formula  which  has  acetic  acid  of 
crystallization.  It  may  be  that,  later,  some  more  suitable  sol- 
vent can  be  found,  in  which  no  dissociation  takes  place  and 
in  which  the  molecular  weight  can  be  definitely  determined. 

>  Pogg.  Ann.,  38.  121  (1833). 
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The  salt  is,  as  stated,  soluble  in  cold  water,  but  decomposes 
to  a  considerable  extent  in  hot  water  ;  cold  alcohol  exerts  a 
slow  decomposing  action,  hot  alcohol  a  much  more  rapid  de- 
composition, both,  apparently,  extracting  lead  acetate,  leaving 
a  crystalline  residue  richer  in  chlorine.  In  one  case,  after  ex- 
tracting with  hot  alcohol,  it  was  found  that  the  residue  con- 
tained 13.64  per  cent  of  chlorine,  which,  after  a  second  ex- 
traction, was  found  to  have  increased  to  19.89  per  cent.  When 
the  alcohol  has  dissolved  enough  of  the  acetate  to  bring  the 
ratio  between  it  and  lead  chloride  up  to  the  required  amount, 
some  of  the  latter  dissolves,  for  it  was  found  that,  by  evapora- 
ting the  filtrate,  a  salt  of  the  original  composition  was  ob- 
tained. Acetic  acid  is  very  much  more  active  than  alcohol, 
producing  instantaneous  decomposition,  with  precipitation  of 
lead  chloride.  Melting  point  determinations  were  unsatisfac- 
tory, the  substance  softens  at  83°,  but  does  not  melt  to  a  trans- 
parent liquid  until  a  temperature  of  about  193*'  has  been 
reached.  There  is  some  darkening  of  the  mass  at  this  point 
and  gas  is  evolved,  showing  decomposition. 

Summary. 

1.  A  study  of  two  complex  salts  containing  chlorine  has 
been  made ;  one  of  these  is  produced  when  lead  chloride  is 
dissolved  in  a  hot  acetic  acid  solution  of  lead  acetate  ;  the  other 
by  use  of  a  water  solution  of  the  acetate. 

2.  The  probable  formulas  deduced  for  these,  based  upon 
analyses,  are,  respectively: 

PbCl.C,H30,.C,HA     and     PbCl.C,H30,.Pb(C,H30,)„ 
the  latter  crystallizing  either  with  water  or  acetic  acid  of  crys- 
tallization. 

3.  The  results  indicate,  therefore,  that  the  nature  of  the 
solvent  plays  an  important  part  in  determining  the  compo- 
sition and  character  of  the  salt  formed.  This  appears  to  be 
one  influencing  the  complexity,  or  association  of  the  molecules, 
rather  than  the  nature  of  the  reaction,  which  is  of  the  same 
general  character  in  both  solvents. 

4.  Molecular  weight  determinations  of  the  second  compound 
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mentioned  above  gave  values  approximately  one-fourth  the 
molecular  weight  calculated,  indicating  a  probable  dissocia- 
tion ;  the  same  was  found  to  be  true  for  the  compound 
CaCl.CjHjOj.sHjO,  which  has  been  previously  described  by 
Fritsche. 

5.  Lead  chloride  forms  compounds  with  lead  acetate  analo- 
gous to  those  previously  described  for  the  iodide,  but  its  action 
towards  the  alkaline  acetates  is  quite  diflferent,  the  chloride 
undergoing  double  decomposition  in  solutions  of  these,  the 
iodide,  on  the  other  hand,  combining  with  them  in  the  same 
manner  as  with  the  lead  acetate. 
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A  STUDY  OF  THE  REACTIONS  INVOLVED  IN  THE 

FORMATION  OF  CERTAIN  COMPLEX  SALTS 

OF  LEAD. 

By  John  White  and  J.  M.  Nelson. 

It  has  been  previously  shown  by  White'  that  certain  diffi- 
cultly soluble  salts  of  lead,  such  as  the  iodide,  chloride,  etc., 
are  soluble,  to  a  remarkable  degree,  in  aqueous  or  alcoholic 
solutions  of  metallic  acetates.  In  offering  an  explanation  of 
this  fact,  White  assumed  that  the  salts  of  lead,  like  those  of  a 
number  of  other  bivalent  metals,  ionize  in  two  stages,  the  first 
stage  taking  place  more  readily  than  the  second  in  solutions  of 
moderate  concentration.  Through  the  action  of  other  salts, 
e.  g.,  the  metallic  acetates,  during  the  first  stage,  it  is  possible 
to  conceive  of  the  formation  of  a  mixed  salt  of  the  type 
PbX.CjHgOj.  As  a  proof  of  this  view,  a  number  of  salts  refera- 
ble to  this  type  have  been  prepared,  by  dissolving  the  halogen 
salts  of  lead  in  solutions  of  the  metallic  acetates. 

Carius'  has  described  several  salts  of  the  simple  type 
mentioned  above,  but  in  the  course  of  the  work  carried  out  by 
White,  it  was  observed  that  the  tendency  has  been  rather  to 
form  salts  somewhat  more  complex  than  that.  This  was 
especially  the  case  with  the  iodides,  and  the  experiments  de- 

1  This  Journal,  31,1  (1904).    Cf.  preceding  article. 

2  Ann.  Chem.  (I,iebig),  56,  234  (1845). 
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scribed  in  the  present  paper  were  undertaken  for  the  purpose  of 
studying  the  reactions  somewhat  more  closely  with  the  hope  of 
obtaining  additional  information  upon  the  subject.  The  object 
being  the  preparation,  if  possible,  of  the  simple  compound 
Pbl.CjHgOj,  it  was  thought  that  this  might  be  the  more  easily 
accomplished  by  the  use  of  the  method  described  by  Carius, 
viz.,  by  heating  together  mixtures  of  lead  acetate  and  an  alkyl 
iodide,  using  a  suitable  solvent.  It  was  soon  discovered  that 
the  nature  of  the  solvent  had  to  be  taken  into  account,  as  the 
reactions  do  not  proceed  in  the  same  way  in  solvents  that  are 
markedly  different  in  general  properties.^  Glacial  acetic  acid 
was  first  used,  this  being  the  solvent  employed  by  Carius  ; 
the  present  paper  deals  more  especially  with  reactions  in  this 
solvent. 

Numerous  repetitions  of  the  experiments  of  Carius,  follow- 
ing the  conditions  stated  by  him,  viz.,  with  ethyl  iodide  and 
lead  acetate,  mixed  in  the  proportion  of  i  molecule  of  each, 
dissolved  in  i  molecule  of  acetic  acid  and  heated  in  a  bomb- 
oven  to  140°,  have  resulted  always  in  failure,  lead  iodide  being, 
in  every  case,  the  principal  product.  A  study  of  the  condi- 
tions has  led  to  the  conclusion  that  a  larger  amount  of  lead 
acetate  is  needed  at  this  temperature  to  prevent  the  formation 
of  the  iodide,  and  that,  at  much  lower  temperatures,  a  reaction 
takes  place,  with  the  production  of  complex  salts  closely  allied 
to  the  compound  Pbl.C^HjOj.  This  compound  itself  has  not 
yet  been  obtained.  We  believe  the  reason  to  be  either  the 
greater  ease  of  decomposition  of  the  iodine  salts  or  the 
greater  reactivity  (more  ready  ionization)  of  the  iodine  com- 
pounds, because,  in  the  preceding  paper,  it  has  been  shown  that 
the  chlorine  compound  probably  exists. 

Instead  of  using  the  bomb-oven  as  described  by  Carius,  we 
have  found  it  more  convenient  to  carry  out  the  reactions  de- 
scribed in  this  article  by  heating  the  requisite  amount  of  lead 
acetate,  alkyl  iodide  and  acetic  acid,  enclosed  in  a  short  sealed 
tube,  bound  to  the  axle  of  a  rotating  device  within  a  water- 
bath.  In  this  way  the  contents  of  the  tube  could  be  kept  con- 
stantly stirred,  a  necessary  precaution,   because  it  was  found 

1  yide  preceding  paper. 
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that  it  serves  in  large  measure  to  prevent  the  formation  of  lead 
iodide,  while  at  the  same  time  it  served  as  a  stirrer  for  the 
water  in  the  bath. 

The  results  showed  that  the  reaction  which  takes  place  un- 
der these  conditions  is  of  a  somewhat  complex  character,  and 
that  its  exact  nature  could  not  be  determined.  Something 
was,  however,  learned  regarding  the  influences  operating  to 
produce  the  reaction  and,  incidentally,  su£5cient  information 
was  acquired  to  permit  us  to  draw  certain  inferences  regarding 
its  general  trend.  This  will  appear  in  the  experimental 
work  following.  The  temperature  is  an  important  factor, 
as  was  to  be  expected,  since  it  influences  the  degree  of 
dissociation  and,  consequently,  the  active  mass  of  the  dissolved 
substances,  which  are  also,  to  some  extent,  although  not  so 
markedly,  affected  by  varying  the  relative  proportions  of  the 
solvent  and  of  the  reacting  substances. 

Contrary  to  our  hope  that  we  might  obtain  the  lead  aceto- 
iodide  only,  we  found  that  the  principal  product  is  a  com- 
plex salt  of  the  general  character  of  those  previously  described 
by  White  and  corresponding  to  the  hypothetical  formula, 

(PbLC,H30j3.Pb(C,H30J,. 

The  formation  of  such  a  salt  may  be  explained  theoretically 
in  one  of  two  ways,  represented  by  the  following  sets  of  equa- 
tions : 

I.  (a)  Pb(C,H30,),     -^     PbC^HjO,  +  C^H^O,  ; 

(6)  PbC,H30,  +  C,H30,  +  C,HJ     = 

PbI.C,H30,  +  C,H30,C,H,  ; 
(c)  5PbI.C,H30,  +  Pb(C,H30,),     = 

(PbI.C,H30,),.Pb(C,HA).. 
II.   (a)  Pb(C,H30,), -f  2C,H,I     =:     Pbl,  +  2C,H,.C,H30,; 
(6)  rcPbl,  +  (^  +  i)Pb(C,H30,),     = 

(PbI.C,H,0,),..Pb(C,H30,X. 

The  result  is,  naturally,  the  same  in  either  case,  although 
the  intermediate  stages  vary  considerably.  It  was  in  the  en- 
deavor to  decide  between  these  that  the  experiments  described 
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below  were  undertaken.  The  general  result  seems  to  be 
rather  in  favor  of  the  first  set  of  reactions.  It  is  certain  that, 
under  suitable  conditions,  a  white,  crystalline  salt  can  be  ob- 
tained directly  and  without  any  indications  of  an  intermediate 
formation  of  lead  iodide,  thus  pointing  to  the  correctness  of 
the  first  set  of  reactions.  Moreover,  in  those  instances  where 
lead  iodide  was  formed,  the  conditions  were  such  as  to  favor 
the  decomposition  of  the  unstable  compound,  Pbl.CjHjO^,  as- 
suming it  to  be  the  first  product  of  the  reaction,  into  the  iodide 
and  acetate  of  lead. 

The  facts  observed  during  the  course  of  the  investigation 
seem  to  be  in  harmony  with  this  assumption.  Such  being  the 
case,  the  following  may  serve  as  an  explanation  of  what  was 
observed  to  take  place  during  the  several  experiments  to  be 
described  below  : 

The  temperature  must,  of  necessity,  exert  a  marked  efi^ect 
upon  the  reaction,  for  an  increase  of  temperature  would 
naturally  increase  the  tendency  of  both  reactions,  (a)  and  (6), 
to  take  place,  since  it  would  produce  an  increase  in  the  degree 
of  dissociation  of  the  lead  acetate,^  and  likewise  in  the  reactivity 
of  the  alkyl  halide.*  At  the  same  time  this  increase  in  tempera- 
ture would  have  a  marked  tendency  to  cause  a  decomposition 
of  the  rather  unstable  substance  PbLC^HjO^,  forming  lead 
iodide  (vide  Exps.  i  and  2).  This  formation  of  lead  iodide 
could  only  be  prevented  by  increasing  the  amount  of  lead  ace- 
tate, so  as  to  cause  the  removal  of  the  iodine  from  the  solution 
in  the  form  of  the  difficultly  soluble  salt, 

CPbI.C,HA)5-Pb(C,H30,),. 

It  is,  therefore,  to  be  expected  that  for  a  given  initial  amount 
of  the  reacting  substances,  there  is  a  certain  maximum,  be- 
yond which  the  temperature  cannot  be  raised,  without  giving 
rise  to  the  formation  of  lead  iodide.  This  is  in  entire  accord 
with  our  observations. 

An  increase  in  the  amount  of  alkyl  halide,  or  a  decrease  in 

I  It  is  probably  in  connection  with  this  that  the  nature  of  the  solvent  has  to  be 
taken  into  account,  since  this  would  naturally  have  an  effect  upon  the  dissociation  of 
the  lead  salt. 

«  Slator  (J.  Chem.  Soc,  85,  1286  (1904))  has  shown  that  the  eflfect  of  temperature  is 
very  marked,  a  rise  of  10°  trebles  the  velocity  of  the  reaction. 
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the  amount  of  lead  acetate,  would,  according  to  the  law  of 
mass  action,  tend  to  increase  the  amount  of  acetoiodide 
formed  and,  in  the  absence  of  a  sufficient  excess  of  lead  ace- 
tate, also  the  decomposition  of  this  into  lead  iodide  (vide'E'x.ps. 
6  and  7).  For  a  given  temperature  the  particular  alkyl  halide 
used  will  also,  in  a  measure,  determine  whether  or  not  the 
iodine  will  stay  in  the  solution  or  be  precipitated  as  lead 
iodide  ;  ethyl  iodide,  for  instance,  being  considerably  less  re- 
active at  a  given  temperature  than  methyl  iodide,^  may  be 
used  at  higher  temperatures  than  the  latter  without  giving 
rise  to  the  formation  of  lead  iodide  (vide  Exps.  8  and  9). 

Increasing  the  amount  of  the  solvent  acetic  acid  would 
affect  the  trend  of  the  reaction  in  several  ways  ;  it  would  de- 
crease the  concentrations  and,  consequently,  the  active  masses 
of  the  reacting  substances  and,  unless  this  effect  were  equal  in 
degree  for  both,  the  whole  reaction  would  be  affected  ;  in  addi- 
tion, the  increase  in  solvent  would  have  a  marked  decomposing 
effect  upon  the  acetoiodide  formed,  tending,  therefore,  to  the 
formation  of  lead  iodide'^  (vide  Exps.  3,  4  and  5). 

It  is,  of  course,  not  impossible  to  interpret  the  results  in 
such  a  way  as  to  make  them  conform  to  the  set  of  reactions 
designated  as  II.  No  very  definite  proof  can  be  furnished  in- 
dicating which  of  the  sets  of  reactions  is  to  be  regarded  as  the 
correct  one,  but  the  facts  are  so  easily  explained  by  the  former 
set  that  we  feel  inclined,  in  the  absence  of  contrary  evidence, 
to  accept  this  in  preference  to  the  other. 

EXPERIMENTAI.. 

Preparation  of  the  Salt,  (Pbl.CjHgOJs.PbCC^HjO,),.— Six 
grams  of  methyl  iodide,  12  grams  of  lead  acetate,  about  i 
molecule  of  each,  4  cc.  of  acetic  acid  and  4  cc.  of  acetic  anhy- 
dride* were  brought  together  in  a  sealed  tube.  After  heating 
at  98°,  for  an  hour,  a  white,  crystalline  substance  began  to 
separate.  The  heating  was  continued  at  the  same  tempera- 
ture for  about  7  hours,  the  tube  was  then  removed  from  the 

1  Slator  :  Loc.  cit. 

2  Vide  White's  "  Experiments  with  the  Iodides,"  loc.  cit. 

8  The  lead  acetate  not  being  completely  dehydrated,  a  little  acetic  anhydride  was 
added  to  take  up  the  water  and  prevent  the  formation  of  basic  iodide. 
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bath  and  opened,  the  crystals  filtered  upon  a  Witt  plate  and 
examined  under  the  microscope  ;  they  appeared  homogeneous 
throughout  and  were  monoclinic.  They  were  washed  with 
cold  alcohol,  which  does  not  exert  a  very  rapid  decomposing 
action  upon  them  and  then  dried  in  a  partial  vacuum,  over 
concentrated  sulphuric  acid.     Analysis  : 


Calculated  for 

(PbI.C2H802)6.Pb(C2H302)2. 

Found. 

Pb 

I 

c 

H 

54-23 

27.71 

7-34 
0.92 

53.94 

27.53 

7.18 

0.88 

Preparation  2. — The  proportions  were  the  same  as  in  the 
first  preparation  ;  the  temperature  was,  however,  considerably 
lower,  70°  instead  of  98°.  After  4  hours,  lead  iodide  began  to 
form.  The  tube  was  opened,  the  liquid  filtered  from  the  lead 
iodide  and  poured  into  a  flask,  which  was  then  allowed  to 
stand  on  a  steam  radiator  for  about  10  hours,  after  which  time 
white  crystals  formed  at  the  bottom  of  the  flask,  with  a  ring  of 
lead  iodide  around  the  flask  at  the  top  of  the  liquid.  The 
crystals,  which  were  quite  large,  were  removed  from  the  flask 
mechanically  and  were  washed  and  dried  as  in  the  previous 
case.     Analysis  : 


Calculated  for 

(  PbI.C2Hs02)5.  Pb(C2H302)2. 

Found. 

Pb 

54.23 

53.98 

I 

27.71 

27.37 

C 

7.34 

7.43 

H 

0.92 

0.89 

Preparation  3. — Six  grams  of  methyl  iodide  (i  mol.),  10 
grams  of  lead  acetate  (0.75  mol.),  6  cc.  of  acetic  acid  and  2  cc. 
of  acetic  anhydride  were  heated  as  in  the  preceding  prepara- 
tions. The  temperature  of  the  bath  was  kept  between  60°  and 
70°.  After  6  hours  a  very  good  crop  of  white  crystals  had 
separated  ;  they  were  removed  from  the  tube  and  showed,  un- 
der the  microscope,  the  same  crystal  form  as  those  obtained  in 
the  previous  preparations.  No  lead  iodide  was  observed  in 
this  case  during  the  reaction.  The  crystals  were  washed  with 
alcohol  and  dried  over  sulphuric  acid  for  analysis  : 
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Calculated  for 

(PbI.C2H302)6.Pb(Ci.H,02),. 

Found. 

Pb 

54-23 

54-55 

I 

27.71 

27.35 

C 

7-34 

7.13 

H 

0.92 

0.92 

Having  thus  demonstrated  the  existence  of  a  definite  com- 
pound, as  shown  by  the  analysis  of  the  various  preparations, 
the  following  set  of  experiments  were  undertaken  with  the  ob- 
ject of  making  a  closer  study  of  the  causes  operating  to  influ- 
ence the  trend  of  the  reaction  : 

Influence  of  Temperature. 

Exp.  I — Six  grams  of  methyl  iodide,  6  grams  of  lead  ace- 
tate, molecular  proportions  2:1,  2  cc.  of  acetic  acid  and  2  cc. 
of  acetic  anhydride  were  used.  The  temperature  of  the  bath 
was  maintained  at  85°.  The  solution  remained  clear  for  about 
3  hours,  when  the  formation  of  lead  iodide  began. 

Exp.  2. — The  same  amounts  of  substances  were  used  as  in 
the  preceding  case,  but  the  temperature  was  70°.  The  solu- 
tion remained  clear  for  about  2  hours,  when  the  white  crystals 
began  to  deposit. 

It  appears,  from  the  above,  that  the  temperature  has  a 
marked  effect  upon  the  reaction  and  that  for  these  proportions 
of  the  reacting  substances  it  must  not  be  allowed  to  exceed 
70°-75°,  if  it  is  desired  to  prevent  the  formation  of  lead 
iodide.  When  other  proportions  were  used  similar  results 
were  obtained. 

Influence  of  Acetic  Acid. 

Exp.  3. — Six  grams  of  methyl  iodide,  12  grams  of  lead  ace- 
tate, molecular  proportion  i  :  i,  16  cc.  of  acetic  acid  and  4  cc. 
of  acetic  anhydride,  were  heatedfor  2.5  hours,  at  about  2>s°-go° . 
I,ead  iodide  was  formed  toward  the  latter  part  of  the  opera- 
tion. 

Exp.  4. — Six  grams  of  methyl  iodide,  12  grams  of  lead  ace- 
tate, molecular  proportion  i  :  i,  12  cc.  of  acetic  acid  and  4  cc. 
of  acetic  anhydride  were  used.  The  temperature  was  85°-90°. 
I^ead  iodide  began  to  form  after  about  3  hours. 
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Exp.  5. — Six  grams  of  methyl  iodide,  12  grams  of  lead  ace- 
tate, molecular  proportion  i  :  i,  4  cc.  of  acetic  acid  and  4  cc.  of 
acetic  anhydride  were  heated  to  98°.  No  lead  iodide  was 
formed,  instead  only  the  white,  crystalline  salt. 

It  appears  that,  for  a  given  proportion  of  the  other  constitu- 
ents and  at  a  certain  temperature,  there  is  a  limit  to  the 
amount  of  acetic  acid  which  can  be  used,  if  the  complex  salt  is 
desired. 

Influence  of  Lead  Acetate. 

Exp.  6. — Six  grams  of  methyl  iodide,  6  grams  of  lead  ace- 
tate, molecular  proportion  2:1,  2  cc.  of  acetic  acid  and  2  cc. 
of  acetic  anhydride  were  maintained  at  85°,  for  3  hours,  when 
the  formation  of  lead  iodide  was  observed. 

Exp.  7. — Six  grams  of  methyl  iodide,  12  grams  of  lead  ace- 
tate, molecular  proportion  1:1,4  cc.  of  acetic  acid  and  4  cc. 
of  acetic  anhydride  were  heated  at  98°.  No  lead  iodide  sepa- 
rated out,  instead  only  the  white  salt.  It  will  be  observed 
that,  in  this  case,  the  proportion  of  acetic  acid  had  been  in- 
creased, also  the  temperature,  which  would  both  tend  to  the 
production  of  lead  iodide,  but  the  increase  in  the  proportion  of 
the  acetate  more  than  offset  this  tendency.  The  two  experi- 
ments, taken  together,  show  that  lead  acetate,  when  in  suffi- 
cient excess,  has  a  very  strong  influence  in  preventing  the 
formation  of  lead  iodide. 

Influence  of  Alkyl  Halide. 

Exp.  8. — Six  grams  of  methyl  iodide,  6  grams  of  lead  ace- 
tate, molecular  proportion  2:1,8  cc.  of  acetic  acid  and  2  cc. 
of  acetic  anhydride  were  heated  at  70°  for  a  short  time,  when 
lead  iodide  was  formed. 

Exp.  9. — Six  grams  of  ethyl  iodide,  6  grams  of  lead  acetate, 
molecular  proportion  2:1,  8  cc.  of  acetic  acid  and  2  cc.  of 
acetic  anhydride  were  heated  at  70°,  for  some  time.  No  lead 
iodide  was  formed,  the  white  salt  being  obtained  instead. 

In  this  case  it  is  evident  that  the  methyl  iodide,  being  more 
active  at  a  given  temperature  than  ethyl  iodide,  is  more  likely 
to  cause  the  formation  and  separation  of  lead  iodide. 
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Summary. 

1.  A  new  salt  of  the  same  general  character  as  those  pre- 
viously described  has  been  prepared  and  studied.  This  salt, 
however,  is  different  in  composition  and,  to  some  extent,  in 
properties,  from  that  previously  obtained  by  dissolving  lead 
iodide  in  an  acetic  acid  solution  of  lead  acetate. 

2.  The  simple  compound  Pbl.CjHjOj  could  not  be  obtained. 

3.  It  has  been  found  that  the  reaction  is  influenced  by 
changes  of  temperature,  concentration  and  the  relative  propor- 
tions of  the  reacting  substances. 

4.  From  this  it  is  possible  to  gain  some  insight  into  the 
nature  of  the  reaction.  While  not  definitely  proven,  all  the 
facts  observed  apparently  point  to  the  conclusion  that  an  in- 
termediate compound,  Pbl.CjHjOj,  is  formed. 

Up  to  the  present  time  the  following  salts  have  been  ob- 
tained : 

simple  salt.  Molecular  proportions. 

PbCl.  CjHjO,  PbCl .  CjH,©,.  Pb  (  C.HjO,),.  iC,H,0, 

PbI.C,H,0,-Pb(C,H30,),.iC,HA 
Pbl.  CjHjO,.  NaC,H,0,.  iC,H,0, 

without  acetic  acid. 

Pbl.C^HjOj.KC^HA 
PbI.C,H30,.NH,C,HA 

More  complex  salts. 

PbI.C,H,0,.  (NaC,H30,)3.iC,H,0, 
(PbI.C,H,0,),.Pb(C,H30,), 

The  bromine  compounds  are  at  present  under  investigation, 
and  it  is  the  intention  to  take  up  the  sulphate,  and  possibly 
some  others,  in  the  near  future. 

Rose  Polytechnic  Institute, 
Tbrre  Haute,  Oct.,  1905. 


THE    DOUBLE    SALTS     OF    MERCURIC    CHLORIDE 

WITH    THE  ALKALI    CHLORIDES    AND 

THEIR  SOLUBILITY. 

By  H.  W.  Foote  and  L.  H.  I^evy. 

In  a  previous  article  by  one  of  us/  the  double  caesium  mer- 
curic chlorides  were  determined  by  what  we  shall  call  the  solu- 
bility method  and  found  to  be  the  same  as  those  described  by 
Wells.^  The  advantages  of  the  method  we  used  are  that  all 
stable  salts,  forming  at  a  given  temperature,  can  be  determined 
with  a  good  degree  of  certainty  and  that  the  solubility  condi- 
tions under  which  each  salt  forms  are  ascertained.  The 
method  has  already  been  applied  to  several  series  of  double 
salts  besides  the  caesium  mercuric  chlorides.^  The  method 
used  in  the  present  article  is  essentially  the  same  that  has  been 
used  before.  Varying  mixtures,  carefully  weighed,  of  mer- 
curic chloride  and  an  alkali  chloride  were  treated  with  hot 
water  enough  to  dissolve  them,  placed  in  the  thermostat  at 
25°  and  shaken,  usually  for  several  days.  Weighed  quantities 
of  solution  were  then  removed  through  a  filter  of  glass  wool 
and  analyzed.  The  residues  were  dried  as  quickly  as  possible 
between  filter  paper  and  analyzed  by  the  same  method  used  for 
the  solutions. 

The  analyses  were  carried  out  by  precipitating  mercuric  sul- 
phide from  the  solution  acidified  with  hydrochloric  acid,  filter- 
ing on  a  Gooch  crucible,  drying  at  100°  and  weighing  the  mer- 
curic sulphide.  The  filtrate  from  the  sulphide  was  evaporated 
and  the  residue  weighed  as  chloride. 

A  series  of  two  or  more  results  giving  a  constant  composi- 
tion of  the  residue  and  varying  solubility  shows  a  pure  double 
salt  to  be  present,  while  constant  solubility  and  varying  resi- 
due indicates  a  mixture  of  two  salts. 

POTASSIUM  MERCURIC  CHI.ORIDES. 
By  H.  W.  Foote. 

Three  double  potassium   mercuric  chlorides  have  been  de- 

1  This  Journal,  30,  339. 

2  Am.  J.  Sci.,  44,  221  (1892). 

8  This  Journal,  30,  330  ;  3a,  246,  251  ;  34,  153,  164. 
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scribed  by  BonsdorP  and  we  have  found  the  same  ones  at  25**. 
These  salts  are  : 

2KCl.HgCl,.H,0; 
KCl.HgCl,.H,0  ; 
KC1.2HgCl,.2H,0. 

The  results  obtained  are  given  below.  Constant  composi- 
tion of  the  residues,  showing  a  pure  double  salt,  is  italicized. 
The  solubility  of  pure  potassium  chloride  was  determined  by 
Mr.  J.  G.  Statiropoulos  in  duplicate  from  two  solutions,  one  of 
which  was  first  supersaturated  and  the  other  undersaturated, 
at  25°. 

The  analyses  of  the  residues  in  Nos.  10-14  vary  considera- 
bly, although  the  pure  i  :  i  salt  was  present.  This  was  be- 
cause the  salt  crystallized  as  a  mass  of  silky  needles  which  it 
was  impossible  to  dry  properly. 

SODIUM  MERCURIC  CHI^ORIDES. 
By  H.  W.  Foote. 

Two  sodium  mercuric  chlorides  have  been  described  by 
Bonsdorf*  and  others.     They  have  the  formulas  : 

2NaCl.HgCl,; 
NaCl.HgCl,.2H,0. 

We  have  been  unable  to  detect  the  first  salt  at  either  25°  or 
10°. 3. 

The  results  obtained  at  25°  are  given  in  Table  II. 

The  results  show  clearly  that  the  salt  NaCl.HgCl,.2HjO  is 
present,  but  show  no  indication  of  2NaCl.HgCl2.  The  latter 
salt  contains  69.84  per  cent  of  mercuric  chloride.  Had  this 
salt  formed,  the  solubility  results  in  Nos.  1-3  of  the 
following  table,  corresponding  in  composition  to  a  mixture  of 
NaCl  and  the  2  :  i  compound  would  have  been  different  from 
the  solubility  in  No.  4,  corresponding  to  a  mixture  of  2  :  i  and 
I  :  I  derivatives.  That  the  results  are  the  same  shows  that 
this  salt  has  not  been  produced,  but  that  the  residues  in  the 
four  results  consist  of  a  mixture  of  the  same  salts. 

»  Fogg.  Ann.,  17,  115. 
«  Loc.  cit. 
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It  was  thought  possible  that  the  2  :  i  salt  might  form  at  a 
lower  temperature  and  two  solubility  determinations  were  ac- 
cordingly made  at  10°. 3.  The  mixtures  were  so  chosen  that, 
after  saturation  had  taken  place,  the  composition  of  the  resi- 
dues would  correspond  in  one  case  to  a  mixture  of  sodium 
chloride  and  the  2  :  i  salt,  and  in  the  other  to  a  mixture  of  the 
2  :  I  and  i  :  i  compounds.  The  solubility  apparatus  was  kept 
at  10°. 3  by  means  of  a  cold  water  thermostat.'  The  results 
obtained  were  as  follows  : 

Table  III. — Soluibility  of  Mixtures  of  Sodium  and  Mercuric 
Chlorides  at  10°. 3. 

Per  cent  NaCl  Percent  HgCl2  Percent  NaCl  Per  cent  HgCl2  Percent  H2O 
in  solution.        in  solution.        in  residue.         in  residue.        in  residue. 


I       19.46        46.49 

67.46 

29.19 

3.35 

2             19.48               46.50 

22.83 

68.85 

8.32 

2NaCl.HgClj  contains 

30.16 

69.84 

none 

The  solubility  is  the  same  in  the  two  experiments.  The 
ratio  of  Na  :  Hg  in  the  first  residue  is  10.7  :  i  and  in  the  second 
1.53  :  I.  It  follows  that  the  same  salts  were  present  in  both 
residues  and  that  the  2  :  i  salt  does  not  form.  Had  this  salt 
formed,  the  solubility  in  the  two  experiments  must  have  been 
different.  It  will  be  noticed,  also,  that  both  residues  contain 
water  of  crystallization.  We  conclude  from  our  results  that 
the  2  :  I  salt  which  was  described  by  Bonsdorf  does  not  exist 
between  10^.3  and  25°  and  that  he  must  have  obtained  mix- 
tures of  NaCl  with  the  i  :  i  salt. 

RUBIDIUM  MERCURIC  CHLORIDES. 
By  H.  W.  Foote  and  T,.  H.  I^evy. 

Godeffroy  described  the  following  double  rubidium  mercuric 
chlorides  :^ 

2RbCl.HgCl,  ; 

2RbCl.HgCl,.2H,0; 

RbCl.HgCl,. 

For  our  experiments  pure  rubidium  chloride  was  obtained 
from  rubidium  alum  which  contained  some  potassium.     It  was 

1  Z.  physik.  Chem.,  33,  749. 
«  Arch,  der  Pharm.,  [3],  la,  47. 
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partially  separated  from  the  potassium  alum  by  repeated  frac- 
tional crystallization  and  finally  precipitated  as  Rb^PbClg. 
The  spectroscope  showed  no  trace  of  caesium  or  potassium. 
This  work  was  done  by  one  of  us  (lyevy)  under  the  direction 
of  Professor  H.  I,.  Wells,  to  whom  our  thanks  are  due. 

The  solubility  results  obtained  are  given  in  Table  IV.  As 
before,  constant  residues  showing  double  salts  are  italicized. 

From  the  constant  residues  in  the  above  table  it  will  be  seen 
that,  at  25°,  there  exist  5  double  rubidium-mercury  chlorides 
with  the  following  formulas  : 

(1)  RbCl.sHgCl,; 

(2)  3RbC1.4HgCl,.H,0  ; 

(3)  RbCl.HgCl,.H,0; 

(4)  3RbC1.2HgCl,.2H,0; 

(5)  2RbCl.HgCl,.H,0. 

None  of  these  have  the  composition  given  by  Godeffroy,  al- 
though the  double  salt  2RbCl.HgCl2.H2O  lies  between  Godef- 
froy's  double  salts,  2RbCl.HgCl2  and  2RbCl.HgCl2.2H,0. 
That  the  double  salt  2RbCl.HgCl5.HjO  is  stable  at  ordinary 
temperatures  was  shown  when  crystals,  which  had  separated 
from  a  solution  containing  unknown  amounts  of  rubidium  and 
mercuric  chlorides,  were  analyzed  . 


RbCl. 

HgCU. 

H20. 

I. 

45.65 

51-10 

3-25 

II. 

45-25 

51-18 

3.57 

alculated  for  2RbCl. 

HgCl,H,0, 

45-55 

51.05 

3-40 

These  crystals  were  large  and  well  defined. 

The  double  salt  3RbC1.4HgCl,.H20  is  an  unusual  type  of  an 
alkali  halide  double  salt.  To  verify  its  existence,  some  of  it 
was  allowed  to  crystallize  slowly  in  the  thermostat  at  25°,  the 
crystals  were  separated  from  the  mother  liquor  and  dried  in  a 
room  heated  to  25°.     Analysis  : 

RbCl.  HgCls.  HjO. 

Found  25.32         73.39         1-29 

Calculated  for  RbCl. 4HgCl,. 

H,0  24.76         74.01         1.23 
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The  crystals  of  this  double  salt  separate  in  a  mass  of  silky 
needles,  difficult  to  free  completely  from  the  mother  liquor. 
The  results  of  Table  IV.  are  plotted  graphically  in  Fig.  I., 


f" 

— *- 

' 

r 

J 

*^    u 

r^ 

-4 

J 

— V 

— ii 

Fig.  I. 

the  abscissa  representing  the  percentage  of  rubidium  chloride 
in  the  residue,  and  the  ordinate,  the  percentage  of  the  same  salt 
in  solution.  The  vertical  lines  then  show  constant  residue  and 
variable  solubility,  corresponding  to  pure  double  salt,  and  the 
horizontal  lines  variable  residue  and  constant  solubility,  corre- 
sponding to  a  mixture. 

It  seemed  of  interest  to  compare  the  solubilities  of  the  salts 
of  the  different  alkali  metals.  For  this  purpose  the  percentage 
composition  of  the  solutions  was  recalculated  to  give  the  mole- 
cules of  mercuric  chloride  and  of  alkali  chloride  dissolved  in 
ICO  molecules  of  water.  The  values  for  the  caesium  mercuric 
chlorides  previously  published^  were  also  recalculated.  The 
results  obtained  are  plotted  in  the  diagram,  Fig.  II.  The 
molecules  of  mercuric  chloride  and  of  alkali  chloride  dissolved 
in  ICO  molecules  of  water  are  plotted,  respectively,  as  ordinate 
and  abscissa,  except  in  the  case  of  sodium  chloride.  Here  the 
solubility  was  so  great  that  the  values  obtained  were  multiplied 
by  one-third.  Each  curve  is  designated  by  the  symbol  of  the 
alkali  metal  present.  The  points  on  the  curve  where  two  salts 
were  present  together  are  represented  by  circles ;  by  crosses 
where  only  one  salt  formed. 

The  dotted  lines  radiating  from  the  intersection  of  the  ordi- 
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nate  and  abscissa  represent  the  composition  of  solutions  formed 
by  dissolving  the  different  double  salts  in  water,  and  the  be- 
havior of  a  given  double  salt,  on  recrystallizing  at  25°,  is  deter- 


m//^CL 


mined  from  the  intersection  of  the  dotted  line  representing  its 
solutions  with  the  solubility  curve/  For  instance,  the  com- 
position of  a|solution  of  i  :  i  salt  is  represented  by  some  point 
on  the  dotted  line,  making  an  angle  of  45°  with  the  abscissa. 
This  line  cuts  the  solubility  curve  of  the  i  :  i  salts  of  sodium, 

1  Van 't  HofF :  Vorles.  iiber  Bild.  und  Spalt.  von  Doppelsalzen. 
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potassium  and  caesium  and  the  curve  of  the  3  : 4  salt  of  rubid- 
ium, showing  that  these  salts  can  be  in  equilibrium  with  a 
solution  containing  equal  molecules  of  the  alkali  chloride  and 
mercuric  chloride.  The  i  :  i  salts  of  sodium,  potassium  and 
caesium  can,  therefore,  be  recrystallized,  while  the  rubidium 
salt  first  yields  the  3  :  4  compound. 

The  behavior  of  the  various  salts,  on  recrystallizing,  is  as 
follows  : 

5  ;  I. — Only  the  caesium  salt  forms.  On  recrystallizing,  it 
yields  the  i  :  i  type. 

2  : 1. — The  potassium  and  caesium  salts  yield  the  i  :  i  type. 
The  rubidium  salt  forms  the  3  : 4. 

5:2. — Only  the  rubidium  salt  forms.  On  recrystallizing  it 
yields  the  3  :  4. 

I  : I. — The  sodium,  potassium  and  caesium  salts  recrystal- 
lize.     The  rubidium  salt  yields  the  3  :  4. 

3  .-4. — Only  the  rubidium  salt  forms.     It  yields  the  i  :  5. 

I  :  2. — The  potassium  salt  yields  mercuric  chloride  ;  the 
caesium  salt  the  1:1. 

1 : 5. — The  rubidium  salt  yields  mercuric  chloride  ;  the 
caesium  salt  the  i  :  2. 

Sheffield  I^aboratory, 

New  Haven,  Conn., 

November,  1905. 


Contribution  from  the  Chemical  Laboratories  of  Harvard  University. 

ON    THE  ADDITION    PRODUCTS    OF    />-NITROSODI- 
METHYIvANIIvINE  WITH  CERTAIN  PHENOIvS. 

By  Henry  A.  Torrey  and  J.  A.  Gibson. 

In  an  earlier  paper  by  H.  Hardenbergh  and  one  of  us^  it  was 
shown  that  quinhydrone  and  phenoquinone  were  addition 
products  which,  on  solution  in  benzene  and  other  neutral  sol- 
vents, were  dissociated  into  their  constituent  parts,  namely, 
quinone  and  hydroquinone  in  the  former  and  quinone  and 
phenol  in  the  latter  case.  Paranitrosodimethylaniline,  which 
is  frequently  given  the  quinoid  structure,  seems  to  form  simi- 
lar compounds  with  certain   substituted  phenols.     Edeleanu 

'  This  Joornal,  33,  167. 
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and  Euescu^  have  described  a  few  bodies  of  this  nature  and  we 
have  somewhat  extended  the  number.  We  have  found  that 
there  is  a  considerable  degree  of  analogy  between  phenoqui- 
none  and  quinhydrone  and  the  products  from  />-nitrosodi- 
methylaniline.  Quinone  unites  with  2  molecules  of  a  mon- 
atomic  phenol  and  i  molecule  of  a  diatomic,  and  we  find  this 
also  to  be  true,  for  the  most  part,  of  /)-nitrosodimethylaniline. 
Further,  the  compounds  of  the  latter  with  2  molecules  of  the 
phenol,  in  the  solid  state,  resemble  phenoquinone  in  color, 
whereas  those  with  i  molecule  of  the  diatomic  phenol  are  more 
nearly  like  quinhydrone,  and  just  as  phenoquinone  and  quin- 
hydrone both  dissolve  with  the  yellow  color  of  quinone,  these 
derivatives  of  /)-nitrosodimethylaniline  dissolve  with  the  green 
color  of  the  latter  body.  That  this  is  due  to  the  dissociation 
of  these  addition  products  into  the  phenol  and  /)-nitrosodi- 
methylaniline  is  shown  by  the  molecular  weight  determinations 
given  below. 

We  shall  consider  first  the  products  from  monatomic  phenols 
and  then  those  from  polyatomic  phenols. 

Trichlor phenol  and  p-Nitrosodimethylaniline. 

One  gram  of  /)-nitrosodimethylaniline  was  dissolved  in  a 
very  small  quantity  of  warm  benzene  and  was  added  to  a  con- 
centrated benzene  solution  of  2  grams  of  trichlorphenol.  No 
precipitation  occurred  immediately,  but  on  adding  ligroin  the 
crystallization  began  and,  after  the  mixture  had  stood  for  a 
short  time,  a  good  yield  of  fine,  reddish  crystals  of  the  product 
described  by  Edeleanu  and  Euescu  was  obtained.'  The  prod- 
uct was  filtered,  washed  with  ligroin  and  dried  in  a  vacuum 
desiccator  ;  it  melted  at  91°.  That  the  trichlorphenol  used  in 
the  preparation  was  pure  was  shown  by  the  melting-point,  67°, 
and  an  analysis.     CI  required  53.92,  found  53.88  per  cent. 

An  analysis  of  the  product  of  the  reaction  shows  the  per- 
centage of  chlorine  required  by  an  addition  product  formed 
from  2  molecules  of  trichlorphenol  and  i  molecule  of  /)-nitroso- 
dimethylaniline,  ONCeH.NCCH^),.  (C.H^ClaOH),. 

1  J.  Chem.  Soc,  70,  1,359  (1896). 

2  Loc.  cii. 
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0.2282  gram  substance  gave,  by  the  sodium  peroxide 
method/  0.3582  gram  AgCl. 

Calculated  for 
ONC6H4N(CH3)2.(C8H2Cl30H)2.  Found. 

CI  39.08  38.84 

The  body  which,  in  the  solid  condition,  consisted  of  fine, 
deep  red  crystals,  dissolved  in  all  solvents  with  the  character- 
istic green  color  of  />-nitrosodimethylaniline.  Its  solubility  is 
as  follows  :  Readily  soluble  in  cold  chloroform,  alcohol,  ace- 
tone and  benzene  ;  soluble  in  ether  ;  insoluble  in  cold  ligroin, 
but  slightly  soluble  in  the  hot  liquid. 

The  following  molecular  weight  determination  shows  that 
the  addition  product  is  completely  dissociated  in  these  solvents 
into  /)-nitrosodimethylaniline  and  trichlorphenol,  and  that  the 
green  color  is  due  to  the  free  /)-nitrosodimethylaniline,  since 
the  trichlorphenol,  of  course,  is  colorless. 

The  molecular  weights  are  calculated  from  the  well  known 

_         ,    _^         100  K.S 
formula  M  =  — =r^^ . 

In  the  tables  the  concentration  is  given  in  grams  of  dissolved 
substance  in  100  grams  of  the  solvent. 

Molecular  Weight  of  Addition  Prodtict  of  Trichlorphenol  and  of 
p-Nitrosodimethylaniline  by  the  Ebullioscopic  Method. 

W.  s.  X.  K.  M. 

100  0.5830  0.087  26.7  178 

1. 3701  0.197  .  186 

2.0054  0.284  .  184 

2.6837  0.401  .  179 

The  molecular  weight  is  found  to  be  one-third  of  the  molec- 
ular weight  of  ONC6H,N(CH3),.(C,H,Cl30H)„    -^^=178; 
this  is  as  it  should  be  if  the  dissociation  is  complete. 
Tribromphenol  and  p-Nitrosodimethylaniline. 

This  addition  product  was  made  in  a  similar  manner  to  that 
used  for  the  trichlorphenol  derivative,  by  adding  i  gram  of  the 
^-nitrosodimethylaniline,   dissolved  in  5  cc.   of  benzene,  to  5 

«  Pringiheim  :  This  Journal,  31,  386. 
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grams  of  tribromphenol  in  10  cc.  of  benzene.  After  standing 
some  time,  dark  red  crystals  with  a  blue  reflex  separated  in 
large  quantities.  These  were  collected  on  a  filter,  washed 
with  ligroin  and,  after  drying,  were  analyzed  : 

0.2250  gram  substance  gave,  by  the  sodium  peroxide 
method,  0.31 14  gram  AgBr. 

Calculated  for 
0NC6H4N(CH3)2.(C6H2Br30H)2.  Found. 

Br  59.11  58.90 

The  analysis  shows  that  the  substance  was  pure.'  The  fol- 
lowing molecular  weight  determination  proves  that  the  addi- 
tion product  is  completely  dissociated  when  dissolved  in  ben- 
zene. 

Molecular  Weight  of  Addition  Product  of  Tribromphenol  and 
p-Nitrosodimethylaniline  by  the  Ebullioscopic  Method. 

K.  M. 

26.7  262 
274 
290 
295 
297 

Its  solubilities  are  practically  the  same  as  those  of  the  tri- 
chlorphenol  derivative  and  in  all  cases  its  solutions  are  green. 

The  Addition  Product  of  Salicylic  Acid  and  p-Nitrosodimethyl- 
aniline. 
When  2  grams  of  />-nitrosodimethylaniline,  dissolved  in  15 
cc.  of  benzene,  are  added  to  4  grams  of  salicylic  acid,  dissolved 
in  50  cc.  of  benzene,  a  deep  orange-red,  crystalline  precipitate 
falls.  This  was  collected  on  a  filter,  dried  on  a  clay  plate  and 
afterwards  in  a  vacuum  desiccator.  The  yield  of  the  dry  sub- 
stance was  very  good.  Recrystallized  from  hot  benzene,  it 
gives  fine,  dark  red  needles,  melting  at  110°. 

I.  0.2251  gram  substance  gave  13.9  cc.  moist  N  at  27^.3 
and  765  mm. 

II.  0.4540  gram  substance  gave  27.1  cc.  moist  N  at  23°  and 
759,5  mm. 

1  The  tribromphenol  used  in  making  this  preparation  was  also  analyzed  for  bro- 
mine.    Found,  7248  ;  required,  72.51  per  cent. 


w. 

s. 

X. 

100 

1.5740 

0.160 

. 

3.7248 

0.362 

. 

6.4259 

0.590 

, 

8.0906 

0.732 

. 

9.2783 

0.834 
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Calculated  for  Found. 

ONC6H4N(CH3)2.(HOC6H4COOH)2.       I.  II. 

N  6.57  6.85  6.72 

The  analysis  and  the  color  of  the  compound  indicate  that  it 
is  an  addition  product  similar  to  those  formed  by  the  other  two 
phenols  investigated.  It  cannot  be  a  salt  of  />-nitrosodimethyl- 
aniline,  for  the  latter  would  unite  with  only  one  equivalent  of 
the  acid  and,  further,  the  product  dissolves  in  organic  solvents, 
such  as  benzene,  with  a  green  color.  Were  it  a  salt  it  would, 
in  all  probability,  be  insoluble  in  benzene. 

The  Addition  Prodiicts  of  p-Nitrosodimethylaniline  with  Diatomic 
Phenols. 

These  bodies  divide  themselves  into  two  classes,  those  in 
which  I  molecule  of  the  ^-nitrosodimethylaniline  unites  with  i 
molecule  of  the  phenol,  as  was  the  case  with  trichlorresorcinol, 
and  which  reminds  one  of  quinhydrone,  which  is  made  up  of  a 
molecule  each  of  quinone  and  hydroquinone,  and  those  in 
which  the  2  molecules  of  the  base  unite  with  i  molecule  of  the 
phenol,  as  was  the  case  with  tribromresorcinol  and  pyro- 
catechol. 

Addition  Product  of  p-Nitrosodimethylaniline  and  Trichlorresor- 
cinol. 

One  gram  of  /)-nitrosodimethylaniline,  dissolved  in  benzene, 
was  added  to  1.5  grams  of  trichlorresorcinol  in  the  same  sol- 
vent. The  product,  which  was  also  obtained  by  Edeleanu  and 
Euescu,  was  purified  by  recrystallization  from  hot  benzene, 
which  gave  a  substance  consisting  of  dark  blue  crystals, 
which,  however,  when  ground  up  were  reddish  brown.  De- 
termination of  chlorine : 

0.2104  gram  substance  gave  0.2462  gram  AgCl. 

Calculated  for 
ONC8H4N(CH3)2.C5H4Cl3(OH)2.  Found. 

CI  29.27  28.94 

This  body  dissolves  in  organic  solvents,  such  as  benzene, 
ether,  chloroform,  alcohol  and  acetone  with  a  green  color,  and 
a  molecular  weight  determination  in  benzene  shows  it  to  be  an 
addition  product  which  is  practically  completely  dissociated  on 
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solution.  The  molecular  weight  of  the  completely  dissociated 
compound  should  be  or  18 1.8. 

Molecular  Weight  of  Addition  Product  of  p-Nitrosodimethylani- 
line and  Trichlorresorcinol  by  the  Ebullioscopic  Method. 


w. 

i. 

X. 

K. 

M. 

100 

0.5598 

0.074 

26.7 

202 

I-0757 

0.145 

198 

1.6319 

0.220 

198 

2.3078 

0.3II 

198 

Addition  Products  of  p-Nitrosodimeihylaniline  and  Tribromre- 
sorcinol. 

The  product  obtained  by  mixing  benzene  solutions  of  tri- 
bromresorcinol  and  />-nitrosodimethylaniline  differs  from  that 
from  trichlorresorcinol  in  that  it  contains  2  molecules  of  the 
base  to  i  of  the  phenol.  The  result  is  the  same  whether  i 
molecule  of  the  tribromresorcinol  is  mixed  with  2  molecules  of 
the  aniline  or  with  only  i  molecule.  The  product  separates  out 
in  the  form  of  light,  olive-green  crystals,  which  may  be  puri- 
fied by  crystallization  from  hot  benzene.     It  melts  at  115°. 

The  tribromresorcinol  used  in  the  preparation  was  analyzed 
and  found  to  be  pure. 

The  bromine  determinations  in  the  addition  product  gave 
the  following  results : 

I,  0.1748  gram  substance  gave  0.15 16  gram  AgBr. 

II.  0.1904  gram  substance  gave  0.1645  gram  AgBr. 


Calculated  for 
[ONC6H4N(CH8)2l2.C6HBr3(OH)2. 

I. 

Found. 

11. 

37-09 

36.91 

36.76 

Br 

It  is  easily  soluble  in  benzene,  chloroform,   acetone ;  also 
soluble  in  alcohol  and  ether  ;  nearly  insoluble  in  ligroin. 
All  of  its  solutions  are  green. 

Addition  Product  of  p-Nitrosodimethylaniline  and  Pyrocatechol. 

lyike  tribromresorcinol,  pyrocatechol  gives  a  product  in 
which  2  molecules  of  the  base  are  united  with  i  molecule  of 
the  phenol.  Two  grams  of  />-nitrosodimethylaniline,  dissolved 
in  25  cc.  of  warm  benzene,  were  added  to  i  .5  grams  pyrocate- 
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chol  in  50  cc.  of  benzene.  An  abundant  yield  of  fine,  olive- 
green  crystals  was  obtained.  The  body,  after  recrystallization 
from  hot  benzene,  melts,  with  decomposition,  at  125°. 

I.  0.3023  gram  substance  gave  36  cc.  N  at  18°. 5  and  760.6 
mm. 

II.  0.3052  gram  substance  gave  37.9  cc.   N  at  23^.6  and 
756.4  mm. 

Calculated  for  Found. 

tONC6H4N(CH3)2]2.C6H4(OH)2.  I.  II. 

N  13.66  13.73  13.88 

The  body  is  evidently  an  addition  product  composed  of  2 
molecules  of  the  aniline  and  i  of  the  phenol, 

[0NCeH,N(CH3)J,.C,H,(0H),. 

It  dissolves  in  organic  solvents  with  a  green  color.  These  ad- 
dition products  of  />-nitrosodimethylaniline  with  mono-  and  di- 
atomic phenols  exhibit  a  rather  striking  analogy  to  the  pheno- 
quinone  and  quinhydrone,  which  have  also  been  shown^  to  be 
addition  products  that  completely  dissociate  in  organic  sol- 
vents. Paranitrosodimethylaniline  is  frequently  given  the 
quinone  formula. 


NO 


(CH3), 

and  inasmuch  as  Posner^  has  shown  that  in  phenoquinone  and 
similar  compounds  the  point  of  addition  of  phenol  is  probably 
at  the  double  bonds,  and  since  this  constitution  is  in  harmony 
with  the  dissociation  of  these  compounds,  we  are  justified  in 
suggesting  that  these  addition  products  of  />-nitrosodimethyl- 
aniline  are  of  a  similar  nature.  The  analogy  is  further  sup- 
ported by  the  fact  that  />-nitrosodimethylaniline  unites  with  2 

1  This  Journal,  22,  167.    Beltris  Acad.  Roy.  d.  Belgique,  [iii],  32,  300  ;  35,  60. 
«  Ann.  Chem.  (I^iebig),  336,  85. 
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molecules  of  a  monatomic  phenol,  just  as  quinone  does, 
whereas  with  a  diatomic  it  unites  with  only  i  molecule  (cf, 
quinhydrone),  or  2  molecules  of  the  aniline  unite  with  i  of  the 
diatomic  phenol.  For  example,  the  constitution  of  the  addition 
product  with  trichlorphenol  would  be  : 


CI3H2C6OCH  N  HoC 

!   I   , 

CHj  (CH3)2N  HCOC6H2CI3 


The  constitution  of  the  other  addition  product  would  be  formu- 
lated in  a  similar  manner. 

Attempts  to  obtain  corresponding  compounds  with  pyrogal- 
lic  acid  and  tetrachlorpyrocatechol  were  unsuccessful,  instead 
of  the  addition  productsbeingreadily  soluble  in  organic  solvents, 
dark  brown  or  black  substances  were  obtained,  difl&cultly  sol- 
uble and  not  giving  in  solution  the  characteristic  bright  green 
color  of  /)-nitrosodimethylaniline. 

The  work  described  in  this  paper  was  done  in  the  chemical 
laboratory  of  Radcliffe  College. 


VARIABLE  SENSITIVENESS  IN  THE  COLORIMETRY 
OF  CHROMIUM. 


By  D.  W.  Horn. 


It  is  either  stated  or  implied  in  the  descriptions  of  colori- 
metric  methods  that  they  are  to  be  applied  to  dilute  solutions. 
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This  practice  seems  to  have  originated  in  the  observation  that 
the  results  of  parallel  determinations  made  in  deeply  colored 
(not  very  dilute)  solutions  do  not  approximate  sufficiently  to 
the  average  value.  In  some  instances,  as  in  the  use  of  "  Ness- 
ler's  Reagent,"  there  is  a  different  color  characterizing  solu- 
tions that  are  recognized  as  too  concentrated,  but  such  in- 
stances are  exceptional.  In  cases  where  alteration  in  concen- 
tration is  not  accompanied  by  any  change  in  color,  but  only  by 
a  variation  in  the  depth  of  the  color,  it  has  been,  hitherto, 
merely  a  matter  of  individual  judgment  as  to  what  shades  are 
best  adapted  to  the  purposes  of  quantitative  analysis. 

The  application  of  colorimetric  methods  in  this  general  way 
involves  one  assumption  at  least,  namely,  that  any  given 
method  is  practically  of  equal  sensitiveness  in  all  solutions 
more  dilute  than  those  that  are  unmistakably  too  deeply  col- 
ored for  use.  If,  for  convenience,  we  define  as  the  sensitive- 
ness of  a  colorimetric  method  the  reciprocal  of  the  weight  in 
milligrams  of  the  colored  solute  that  produces  that  change  in 
color  that  can  just  be  differentiated  with  certainty,  the  assump- 
tion referred  to  is  that  the  variations  in  the  sensitiveness  of 
any  method  are  negligible. 

Being  about  to  make  some  colorimetric  measurements,  it  oc- 
curred to  me  that  this  assumption  was  without  experimental 
verification.  It  is  evident  that,  if  the  sensitiveness  of  a  colori- 
metric method  should  prove  experimentally  to  be  a  variable, 
there  must  be  for  that  method  a  set  of  definite  conditions  un- 
der which  the  sensitiveness  will  have  a  maximum  value. 
Further,  unless  these  conditions  for  maximum  sensitiveness 
are  determined  experimentally  for  each  of  the  colorimetric 
methods  used  for  the  accurate  quantitative  estimation  of  minute 
amounts  of  substances,  the  corresponding  methods  cannot 
be  used  with  any  assurance  of  maximum  accuracy  or  with 
maximum  ease  in  making  the  comparisons. 

The  results  of  an  examination  of  the  sensitiveness  of  the 
colorimetric  estimation  of  chromium  are  presented  in  this 
paper.  As  similar  results  have  been  obtained  by  several  ob- 
servers in  this  laboratory,  I  am  of  the  opinion  that  the  efifect  of 
the  personal  equation  on  the  general  facts  is  negligible.     The 
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results  show  that  the  sensitiveness  is  beyond  a  doubt  variable, 
and  that  the  ease  of  determination  varies  also  with  the  concen- 
tration. The  latter  is  measured,  roughly,  by  the  variation  from 
the  mean  when  the  same  two  concentrations  are  compared 
without  and  with  intermediate  shades  to  aid  in  the  compari- 
son. The  general  relation  between  sensitiveness  and  concen- 
tration is  not  a  simple  one,  nor  such  as  would  be  likely  to  be 
predicted. 

In  the  first  column  in  the  following  table  of  results,^  the 
concentrations  at  which  comparisons  were  made  are  given  in 
terms  of  the  number  of  liters  of  solution  containing  i  gram- 
atom  of  chromium  ;  in  the  second,  the  weights  of  chromium  in 
grams  that  could  just  be  differentiated  with  certainty  when 
present  in  50  cc.  of  solution ;  in  the  third,  the  weights  of  potas- 
sium chromate  in  milligrams  that  could  just  be  differentiated 
with  certainty  when  present  in  50  cc.  of  solution  ;  in  the 
fourth,  the  values  for  the  sensitiveness  ;  and  in  the  fifth,  the 
variation  from  the  mean  in  grams  of  chromium  shown  by  the 
values  obtained  when  the  comparisons  were  made  with  and 
without  a  number  of  solutions  of  concentrations  and  colors  of 
nearly  the  same  value,  to  aid  in  the  differentiation  from  each 
other  of  the  two  most  nearly  alike  : 


I. 

II. 

III. 

IV. 

V. 

loiters. 

Grams. 

Milligrams. 

Sensitiveness. 

Grams. 

250.0 

0.003979 

14.81 

0.07 

0.000500 

500.0 

0.000784 

2.92 

0.34 

0.000048 

666.6 

0.000386 

1.44 

0.69 

0.000050 

1 000.0 

0.000184 

0.69 

1-45 

0.000037 

2000.0 

0.000074 

0.28 

3-59 

0.000000 

3600.0 

0.000007 

0.03 

33.33 

4000.0 

0.000002 

O.OI 

100.00 

0.000000 

7500.0 

0.000003 

O.OI 

100.00 

8000.0 

0.00000 1 

0.004 

250.00 

0.000000 

9900.0 

0.000005 

0.02 

50.00 

10666.6 

0.000008 

0.03 

33.33 

0.00000 1 

16000.0 

0.0000 II 

0.04 

25.00 

0.000002 

17700.0 

0.000003 

O.OI 

100.00 

32000.0 

0.0000007 

0.003 

333-33 

0.0000002 

1 0000.0 

0.0000 1 1 

0.04 

25.00 

50000.0 

0.000008 

0.03 

33.33 

200000.0  not  distinguishable  from  distilled  water. 

1 1  am  indebted  to  E.  F.  Bliss,  M.  D.  Eby,  A.  I.  Jonas,  F.  C.  Child  and  A.  Ross  for 
many  of  the  measurements  made  in  connection  with  this  subject. 
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In  this  case  the  sensitiveness  had  a  maximum  value  at  con- 
centrations between  0.004  N  and  0.008  N,  with  respect  to  the 
gram-atom  of  chromium.  The  ease  with  which  the  compari- 
sons were  made  was  also  at  a  maximum  at  these  concentra- 
tions, for  complete  agreement  existed  between  the  results  ob- 
tained under  the  two  sets  of  conditions  already  mentioned. 

A  rather  anomalous  fact  appeared  after  the  minimum 
amount  of  chromium  that  had  to  be  present  in  the  distilled 
water  to  give  it  a  detectable  color  was  determined.  The 
minimum  quantity  required  was  0.000013  gram  of  chromium, 
whereas  o.oooooi  gram  produced  a  readily  detectable  differ- 
ence in  the  depth  of  color  at  the  concentrations  of  maximum 
sensitiveness.  In  other  words,  it  was  easier,  by  far,  to  tell  the 
difference  between  two  colored  liquids  than  between  a  colored 
and  a  colorless  one. 

Some  measurements  of  the  sensitiveness  of  the  colorimetry 
of  chromium  in  solutions  of  green  chromium  chloride  were  also 
made.  The  results  appear  in  the  following  table  in  columns 
corresponding  to  those  in  the  previous  table  : 


I. 

II. 

III. 

IV. 

V. 

Liters. 

Grams. 

Milligrams. 

Sensitiveness. 

Grams. 

1000 

0.000156 

0.474 

2. II 

1550 

0.000084 

0.255 

3-92 

3000 

0.000021 

0.064 

15-63 

9700 

0.000268 

0.815 

1.23 

The  decrease  in  sensitiveness  at  the  last  concentration  given 
was  probably  due  to  precipitated  chromium  hydroxide  result- 
ing from  the  hydrolysis  of  the  chloride.  It  is  generally  recog- 
nized that  colorimetric  comparisons  cannot  be  made  readily  in 
turbid  liquids.  So  far  as  determined,  however,  the  general 
behavior  of  the  sensitiveness  is  the  same  as  in  yellow  chrom- 
ium solutions. 

Details  of  Experimental  Work. 

The  comparisons  were  made  in  Nessler  cylinders  of  50  cc. 
capacity,  with  flat  bottoms  and  of  approximately  the  same  in- 
ternal diameter.  The  depth  of  colored  liquid  varied  between 
10  and  10.2  cm.  Each  cylinder  was  jacketed  in  black  paper, 
such  as  is  used  in  packing  photographic  plates.     An  efficient 
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form  of  stirring  rod  was  used  to  insure  uniformity  in  the 
liquids  that  were  to  be  compared. 

The  solutions  were  measured  from  burettes  of  50,  25,  10,  or 
2  cc.  capacity,  as  best  suited  the  volume  that  had  to  be  meas- 
ured. These,  and  the  measuring  flasks  used,  had  been  cali- 
brated previously,  though  the  corrections  thus  introduced 
proved,  in  the  course  of  the  work,  to  be  negligible. 

The  comparisons  were  made  in  daylight  reflected  from  a 
white  porcelain  surface,  usually  placed  about  a  meter  away 
from  a  north  window.  They  were  made  at  any  hour  of  the 
day  that  was  convenient,  and  on  cloudy  as  well  as  on  clear 
days. 

The  solutions  were  made  from  potassium  bichromate  that 
had  been  recrystallized  7  times  from  distilled  water.  Shortly 
before  use  it  was  fused  in  porcelain,  broken  up  quickly  in  an 
agate  mortar,  and  subsequently  kept  in  a  desiccator  over  con- 
centrated sulphuric  acid.  Potassium  hydroxide  (Kahlbaum) 
was  used  in  the  solutions  of  the  chromate  in  the  proportion  of 
2  mol.  to  I  of  K^Cr^O,.  The  green  solutions  were  made  by  re- 
ducing the  bichromate  with  alcohol  and  a  small  amount  of 
hydrochloric  acid  ;  the  greater  part  of  the  excess  of  alcohol 
and  acid  was  driven  off"  by  evaporation  on  a  water-bath  before 
the  solution  was  diluted. 

The  water  used  was  the  ordinary  distilled  water  of  the 
laboratory. 

Two  methods  of  comparison  were  employed,  the  one  was 
that  usually  followed  in  colorimetric  work — the  method  of  ap- 
proximation. When  two  concentrations  were  found  that 
could  not  be  distinguished  from  each  other,  a  third  was  pre- 
pared slightly  stronger  than  the  stronger  of  the  first  two. 
When  such  a  third  solution  was  found  that  could  be  differen- 
tiated from  the  weakest,  at  least  5  times  in  7  trials,  the  differ- 
ence was  recorded  as  just  capable  of  being  differentiated. 

Several  days  later  2  solutions  of  concentrations  that  had  pre- 
viously been  found  to  be  just  capable  of  differentiation  were 
presented  to  the  same  observer.  If  the  difference  was  not 
recognized  another  pair  of  tubes,  differing  somewhat  more  in 
concentration,  was  presented,  and  so  on  as  long  as  necessary 


258  Michael  and  Garner. 

for  the  establishment  of  a  new  limit  for  the  difference  in  depth 
of  color  just  distinguishable. 

In  all  these  cases  the  solutions  were  prepared  and  the  tubes 
thoroughly  mixed  each  time  by  some  one  who  was  not  making 
the  comparisons.  The  distinguishing  marks  on  the  cylinders 
were  known  only  to  this  person,  who  also  made  a  record  of  the 
result  of  each  comparison,  without  telling  the  observer  of  the 
outcome  of  any  one  of  them  until  all  7  had  been  made  and  re- 
corded. 

The  other  plan  involved  the  preparation  of  a  series  of  7  or 
more  solutions  in  which,  beginning  with  the  most  dilute,  there 
was  a  small  but  constant  increment  in  the  amount  of  colored 
solute  present.  When  the  members  of  this  series  included  two 
that  could  be  differentiated,  it  was  comparatively  easy  to  tell 
directly,  by  comparing  several  or  all  of  them,  just  what  differ- 
ence in  color  was  distinguishable  and  to  just  what  amount  of 
solute  it  corresponded.  By  selecting  the  concentrations 
properly  and  by  having  a  sufl&cient  number  of  tubes  in  the 
series,  it  was  possible  to  arrive  at  the  same  result  a  number  of 
times  with  different  cylinders. 

Chemical  Laboratory, 

Bryn  Mawr  College, 

November,  1905. 


CINNAMYLIDENEACKTIC  ACID  AND  SOME  OF  ITS 
TRANSFORMATION  PRODUCTS. 

BY  Arthur  Michael  and  Wightman  W.  Garner. 

This  work  was  originally  taken  up  with  a  view  to  determine 
whether  any  evidence  could  be  obtained  bearing  on  the  exis- 
tence of  more  than  two  stereomeric  forms  in  the  homologues  of 
cinnamic  acid.     8-Phenyl-A«-pentenoic  acid, 

CeH,CH,CH,CH  :  CHCOOH, 

was  selected  for  the  purpose  as  being  the  substance  most  read- 
ily obtained,  and  it  was  proposed  to  carry  out  the  investigation 
along  the  same  lines  that  have  been  applied  to  the  cinnamic 
acids.  It  has  been  shown  that  when  /?-allobromcinnamic  acid 
(159°)  is  reduced  with  zinc  dust  and  alcohol  there  is  obtained, 
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in  addition  to  alio-  and  cinnamic  acids,^  a  lower  melting  prod- 
uct which,  at  the  time  this  investigation  was  carried  out,  was 
regarded  as  a  third  isomeric  acid.'* 

The  cinnamylideneacetic  acid  was  converted,  by  nascent  hy- 
drogen, into  S-phenyl-A^-pentenoic  acid  and  the  latter  trans- 
formed, by  boiling  with  sodium  hydroxide  solution,  into  the 
A'-acid.  The  dibromide  of  the  A^-pentenoic  acid  was  then 
prepared  by  the  addition  of  bromine,  in  chloroform  solution. 
It  was  thought  that  a  derivative  of  propiolic  acid  could  be 
obtained  from  this  dibromide  by  means  of  alcoholic  potassium 
hydroxide,  which,  by  the  addition  of  hydrobromic  acid,  should 
give  yS-brom-A*-phenylpentenoic  acid.  These  changes  may  be 
represented  by  the  following  equations  : 

C^HjCH  :  CHCH  :  CHCOOH  +  H,     = 

CsHjCH.CH  :  CHCH,COOH  ; 
C,Hj,CH,CH  :  CHCH,COOH     s-^ 

CeH,CH,CH,CH  :  CHCOOH  ; 
C.HjCHjCH^CH  :  CHCOOH  +  Br,     = 

C^HjCH^CH^CHBrCHBrCOOH  ; 
CeH^CH.CHjCHBrCHBrCOOH— 2HBr     = 

CeHjCH^CH.C   :  CCOOH; 
C.HjCH.CH^C   :  CCOOH  +  HBr     == 

C^H^CH^CH^CBr  :  CHCOOH. 

However,  on  treating  the  A«-pentenoic  acid  dibromide  with 
alcoholic  potassium  hydroxide  in  excess,  the  original  product, 
cinnamylideneacetic  acid,  was  obtained  and  not  a  propiolic 
derivative.  It  appears,  therefore,  that  the  latter  is  unstable  in 
the  presence  of  alkali  and,  if  formed  at  all,  passes  at  once  into 
the  isomeric  form  : 

C.HjCHjCH^C   i  CCOOH     s-^ 

C.HjCH  :  CHCH  :  CHCOOH. 

The  question  then  arises,  whether  the  rearrangement  takes 
place  with  the  removal  of  the  first  molecule  of  hydrobromic 
acid,  or  by  the  action  of  potassium  hydroxide  on  the  propiolic 

1  Liebermann  :  Ber.  d.  chem.  Ges.,  as,  950. 
s  Michael  and  Whitehorn  :  Jbid.,  34,  3647. 
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derivative  ?  The  problem  is  complicated  by  the  fact  that 
elimination  of  hydrobromic  acid  from  the  dibromide  may  occur 
in  several  different  ways.  Assuming  that  the  /8-bromine  atom 
is  first  removed,  the  reaction  may  proceed  in  two  directions  : 

CeHsCH.CH.CHBrCHBrCOOH— 

(OCgHjCH^CH^CH  :  CBrCOOH 
HBr:;^ 

^(2)CeH5CH,CH  :  CHCHBrCOOH 

Moreover,  each  of  these  acids  can  exist  in  two  stereomeric 
forms.  That  a  mixture  of  structurally  diflferent  monobrom 
acids  may  be  formed  is  indicated  by  the  experiments  of  Fit- 
tig,'  who  showed  that  boiling  ^-monobrom  derivatives  of  nor- 
mal fatty  acids  with  water  leads  to  the  formation  of  some 
A^-acids,  although  in  considerably  less  proportion  than  the 
A"-derivatives.  When  the  above  acid  dibromide  is  treated 
with  alcoholic  potassium  hydroxide,  in  the  proportion  of  i 
molecule  of  acid  to  2  of  the  alkali,  a  product  is  obtained  con- 
sisting of  at  least  two  isomeric  monobrom  acids.  These  acids 
do  not  appear  to  be  stereomeric,  for  they  are  stable  towards 
heat  and  can  be  esterified  without  change  ;  if  they  should  be 
stereomeric,  at  least  they  differ  in  their  behavior  from  any 
similar  acids  as  yet  known. 

A  discussion  of  the  changes  that  may  occur  when  a-brom- 
A^-phenylpentenoic  acid  (2)  is  boiled  with  alkali  is  more  sug- 
gestive of  possibilities  than  of  probabilities,  as,  theoretically, 
the  subject  is  exceedingly  complicated  and  the  experimental 
basis  for  such  speculations  is  extremely  limited.^  Fittig^  has, 
indeed,  demonstrated  that  such  A^-alkenoic  acids,  whose  y-car- 
bon  is  joined  to  alkyl  or  benzyl,  when  boiled  with  alkali  are 
mainly  converted  into  the  A"-isomers,  but  the  process  is  never 
complete,  as  the  latter  acids  go  over,  by  addition  of  water,  into 
the  /3-hydroxyalkanoic  acids  and  these  are  partially  converted 
into  the  original  A^-acids.  If,  however,  phenyl  replaces 
alkyl  or  benzyl,  for  instance  with  y-phenyl-A^-butenoic  acid, 

1  Ann.  Chem.  (Liebig),  283,  61. 

2  The  recent  investigation  of  Riiber  (Ber.  d.  chem.  Ges.,  38,  2742)  shows  how 
complicated  the  ultramolecular  changes  are  in  this  series; 

8  Ann.  Chem.  (Uebig),  283,  61. 
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only  traces  of  the  acid  undergo  such  a  rearrangement.  If  an 
intramolecular  rearrangement  of  unsaturation  in  the  above 
monobrom  acid  precedes  the  elimination  of  hydrobromic  acid, 
then,  by  analogy  with  the  mother  acid,  the  following  change 
would  take  place  : 

CeHjCH^CH  :  CHCHBrCOOH     s^ 

QH.CH.CH^CH  :  CBrCOOH. 

In  order  to  obtain  some  experimental  evidence  on  this  point 
a  number  of  aromatic  acids  were  oxidized  with  potassium  per- 
manganate under  different  conditions.  Those  acids  of  the 
general  type  CjHjCH  :  C(R)COOH  invariably  give  benzalde- 
hyde  when  oxidized  in  the  presence  of  dilute  sodium  carbonate 
or  strong  potassium  hydroxide.  Phenylacetic  acid  gives 
benzaldehyde  when  dissolved  in  sodium  carbonate,  but  does 
not  give  the  aldehyde  in  the  presence  of  much  free  alkali. 
Hydrocinnamic  acid  gives  no  aldehyde  in  either  case. 
A"-Phenylpentenoic  acid,  CeH^CH^CH^CH  :  CHCOOH,  in  the 
presence  of  free  alkali,  gives  a  small  amount  of  benzaldehyde, 
but  when  the  free  acid  is  oxidized  no  aldehyde  is  obtained. 
The  difference  in  conduct  towards  potassium  permanganate 
between  the  last-mentioned  acid  and  hydrocinnamic  acid  may, 
however,  be  due  to  the  action  of  the  alkali  on  the  former,  con- 
verting it,  partially,  into  the  A^-acid,  which  gives  the  aldehyde 
on  oxidation. 

The  mixture  of  monobrom  acids  obtained  by  the  action  of 
alcoholic  potassium  hydroxide  on  the  phenyl-a,/8-dibrompen- 
tenoic  acid  gives,  on  oxidation,  in  neutral  solution,  as  well  as 
when  dissolved  in  sodium  carbonate  and  in  the  presence  of  free 
alkali,  small  amounts  of  benzaldehyde.  This  fact  seems  to  in- 
dicate that  in  the  mixture  of  monobrom  acids  at  least  a  part  of 
the  product  has  gone  over  into  an  acid  whose  unsaturated  car- 
bons are  nearer  to  the  phenyl  than  in  a  A»-acid  and  that  the 
formation  of  cinnamylideneacetic  acid  results  without  the  pre- 
vious formation  of  a  propiolic  derivative.  Again,  when  the 
mixture  of  monobrom  acids  is  boiled  several  hours,  with  a 
large  excess  of  alcoholic  potassium  hydroxide,  only  a  small 
yield  of  cinnamylideneacetic  acid  is  obtained,  not  more  than 
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10-20  per  cent.  By  repeating  the  operation,  a  second  quan- 
tity, approximately  equal  to  the  first,  is  obtained  and,  after 
the  removal  of  this,  the  residue,  consisting  of  the  greater  por- 
tion of  the  whole,  still  contains  halogen.  If  this  residue  is 
esterified  and  the  ester  distilled  in  vaciw,  hydrobromic  acid  is 
evolved  and,  after  saponification  with  alcoholic  potassium  hy- 
droxide, a  small  quantity  of  cinnamylideneacetic  acid  is  again 
obtained.  The  residue,  however,  still  contains  bromine.  It  is 
evident,  therefore,  that  the  second  atom  of  bromine  is  removed 
with  very  great  difficulty  from  the  dibromide,  and  further, 
that  whatever  the  constitution  of  the  intermediate  products, 
the  final  result  is  always  of  the  nature  of  an  acrylic  and  not  a 
propiolic  derivative.  This  behavior  appears  to  indicate  a 
shifting  of  the  position  of  the  unsaturation  before  the  elimina- 
tion of  hydrobromic  acid  occurs  and  that  this  rearrangement 
is  in  a  reversible  condition,  as  is  the  case  in  the  experiments 
described  by  Fittig.  This  would  explain  why  only  a  part  of 
the  monobrom  acids  is  converted  by  each  treatment  with 
alkali.  Although  it  cannot  be  said  with  certainty  whether  the 
rearrangement  of  the  unsaturation  takes  place  before  or  after 
the  removal  of  the  second  bromine  atom,  the  above  results 
favor  the  former  possibility. 

Preparation  of  a ,^-Dibrom-^-phenylpentenoic  Acid. 
Cinnamylideneacetic  acid,  which  forms  the  starting  point  in 
the  preparation  of  the  above-mentioned  acid,  was  first  made  by 
Perkin,  Sr.,^  from  cinnamic  aldehyde  and  potassium  acetate  ; 
later  by  Fittig  and  Mayer, ^  who  modified  the  method  of  Perkin. 
Our  material  was  obtained  according  to  the  directions  of  Fit- 
tig and  Mayer,  with  some  minor  modifications.  It  was  found 
that  nearly  all  of  the  reaction  product  goes  into  solution  when 
boiled  with  a  large  quantity  of  dilute  sodium  carbonate,  whereas 
it  is  very  difficultly  soluble  in  strong  alkali,  A  small 
amount  of  a  tarry  substance  is  dissolved  along  with  the  acid, 
but  this  can  be  removed  by  fractional  precipitation  with  hy- 
drochloric acid.  The  latter  is  carefully  added  until  the  precipi- 
tate begins  to  come  down  colorless  and  the  solution  is  then  fil- 

>  J.  Chem.  Soc,  31,  403- 

«  Ann.  Chem.  (Mebig),  a68,  50- 
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tered.  From  the  filtrate  the  acid  can  be  precipitated  in  almost 
pure  condition.  The  yield  obtained  is  30-35  per  cent  of  the 
weight  of  the  aldehyde  used.  This  product  was  next  reduced 
with  sodium  amalgam,  according  to  the  directions  of  Fittig  and 
Hofmann,'  and  the  resulting  8-phenyl-A^-pentenoic  acid  boiled 
10  hours  with  a  10  per  cent  aqueous  solution  of  sodium  hy- 
droxide, containing  10  molecules  of  the  latter  to  i  of  the  acid.* 
After  removal  of  the  A^-pentenoic  acid,  formed  by  the  action 
of  the  alkali,  by  crystallization  from  ether,  the  mother  liquor 
was  again  treated  with  sodium  hydroxide  and,  finally,  the 
process  repeated  a  third  time.  The  total  yield  obtained  is 
about  60  per  cent  of  the  theoretical  quantity. 

Fittig  and  Perrin*  prepared  the  dibromide  of  the  A«-pentenoic 
acid  by  addition  of  bromine  to  the  acid  dissolved  in  a  mixture 
of  ether  and  carbon  bisulphide.  By  this  method  the  halogen 
adds  with  difficulty,  and  much  hydrobromic  acid  is  formed  in 
spite  of  all  precautions.  Better  results  were  obtained  in  the 
following  way  :  The  acid  is  suspended  in  15-20  volumes  of 
dry  chloroform,  in  a  ground  glass-stoppered  bottle,  the  calcu- 
lated quantity  of  bromine  is  then  added  and  the  mixture  al- 
lowed to  stand  at  a  low  temperature,  4  or  5  days,  in  diflFused 
light.  The  addition  product  obtained  in  this  way  is  recrys- 
tallized  from  a  hot  mixture  of  2  parts  benzene  and  i  part 
ligroin,  and  shows  the  properties  of  Fittig  and  Perrins'  dibro- 
mide. 

Action  of  Alcoholic   Potassium    Hydroxide    on    oc,^-Dihrom-Z- 
phenylpentanoic  Acid. 

To  a  solution  of  20  grams  of  the  dibromide  in  alcohol,  some- 
what more  than  the  calculated  quantity  (2  mols.)  of  alcoholic 
potassium  hydroxide  was  slowly  added.  After  the  mixture 
had  been  allowed  to  stand  for  several  hours,  the  alcohol  was 
evaporated  on  the  water-bath,  the  residue  dissolved  in  water, 
the  solution  extracted  with  ether  and  then  acidified.  The 
liberated  acids,  which  were  precipitated  as  a  heavy  oil,  were 

>  Ann.  Chem.  (I,iebig),  383,  309. 

*  Riiber  (Ber.  d.  chem.  Ge«.,  38,  2747)  has  recently  shown  that  some  A^-acid  is  also 
formed  in  this  operation. 

*  Ann.  Chem.  (I,iebig),  283,  326. 
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taken  up  with  ether.  After  removal  of  the  latter  the  residue 
was  dissolved  in  hot  chloroform  and  2  volumes  of  ligroin  added 
to  the  solution.  On  standing,  clusters  of  fine  needles  separa- 
ted which  melted  at  67°-75°  and  were  soluble  in  all  ordinary 
media  except  ligroin.  There  were  obtained  6  grams  of  this 
product.  Repeated  recrystallization  from  a  mixture  of  chloro- 
form and  ligroin  did  not  improve  its  melting  point,  which  like- 
wise remained  unchanged  after  repeated  fusion  of  the  acid 
mixture.     Analysis : 

0.1542  gram  substance  gave  0.1151  gram  AgBr. 

Calculated  for 
CsHBCaHiCsHBrCOOH.  Found. 

Br  31.37  31.73 

By  spontaneous  evaporation  of  the  mother  liquors  a  heavy 
oil,  easily  soluble  in  all  the  common  organic  solvents  except 
ligroin,  was  precipitated.  This  oil  contained  bromine  but 
could  not  be  obtained  in  a  solid  form.  A  second  portion  of  the 
dibromide  was  boiled  4  hours  with  an  equal  weight  of  potas- 
sium hydroxide  dissolved  in  alcohol.  A  thick  oil  was  ob- 
tained which  contained  bromine,  but  did  not  solidify  on  long 
standing.  The  treatment  with  alcoholic  potassium  hydroxide 
was  variously  modified  as  to  time  of  boiling  and  quantity  of 
alkali  used,  but  all  efforts  to  obtain  a  crystalline  product  in 
this  way  were  unsuccessful. 

An  attempt  was  made  to  obtain  better  results  through  the 
ester  dibromide.  Twenty  grams  of  the  A^-acid  were  esterified 
by  treatment  with  sulphuric  acid  and  alcohol,  according  to  the 
Purdie  method.'  The  ester  was  obtained  as  an  oil  boiling  at 
178°  (25  mm.).  This  was  dissolved  in  2  volumes  of  carbon 
bisulphide  and  the  calculated  quantity  ( i  mol. )  of  bromine,  in 
carbon  bisulphide,  slowly  added.  Addition  took  place  very 
readily  and  without  the  formation  of  more  than  traces  of  hy- 
drobromic  acid.  The  ester  dibromide  was  then  treated  with  2 
molecules  of  alcoholic  potassium  hydroxide  in  the  cold,  but  as 
the  resulting  product  could  not  be  brought  to  crystallize  it  was 
converted  into  the  ethyl  ester,  which  boiled  at  i78°-i84'' 
(  8-1 1  mm. )  but  with  so  considerable  a  decomposition  that  it  was 

.  Chem.  Soc,  39,  346. 
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not  considered  sufficiently  pure  for  further  experiments. 
Finally,  20  grams  of  the  acid  dibromide  were  converted  into 
the  mixture  of  monobrom  acids  by  treatment  with  cold  alco- 
holic potassium  hydroxide,  the  product  converted  into  the 
ethyl  ester  and  this  boiled  6  hours  with  0.6  of  its  weight  of 
potassium  hydroxide,  dissolved  in  5  parts  of  alcohol.  A  thick  oil 
was  obtained  which  contained  halogen.  This  was  dissolved  in 
hot,  60  per  cent  alcohol  and,  on  standing,  about  2  grams  of  a 
crystalline  substance  separated  out  which  melted  at  165"  and 
showed  the  other  properties  of  cinnamylideneacetic  acid.  The 
oil  from  the  mother  liquor  was  again  treated  with  alcoholic 
potassium  hydroxide  in  the  same  manner  and  about  the  same 
quantity  of  cinnamylideneacetic  acid  was  again  obtained.  The 
residual  oil,  which  still  showed  the  presence  of  bromine,  was 
esterified  and  the  resulting  ester  distilled  in  a  vacuum.  In  the 
first  distillation  a  heavy  oil  went  over  at  i8o°-i95°  (18  mm.) 
with  evolution  of  much  hydrobromic  acid.  This  was  again 
distilled  and  boiled  at  i8o°-i85°  (18  mm.).  After  saponify- 
ing with  alcoholic  potassium  hydroxide  and  crystallizing  from 
benzene,  cinnamylideneacetic  acid  was  once  more  obtained. 
Similar  results  were  also  observed  by  treating  the  dibromide 
directly  with  a  large  excess  of  alcoholic  potassium  h5'droxide. 
Oxidation  of  Some  Aromatic  Acids. 
A  dilute  solution  of  potassium  permanganate  was  allowed  to 
drop  slowly  into  a  boiling  solution  of  the  acid  to  be  oxidized 
and  the  resulting  distillate  examined  for  aldehyde.  A  simple 
and  convenient  form  of  apparatus  for  conducting  the  experi- 
ment consists  of  a  distilling  flask,  the  neck  of  which  is  fitted 
with  a  dropping  funnel  and  the  side  tube  connected  with  a 
condenser.  Under  these  conditions  the  aldehyde  formed  in  the 
first  stages  of  the  oxidation  passes  over  at  once,  in  part  at 
least,  and  thus  escapes  the  further  action  of  the  permanganate. 
The  aldehydes  were  identified  by  precipitation  as  phenylhy- 
drazones  or  as  semicarbazones.  Each  of  the  acids  examined 
was  oxidized  with  the  permanganate  under  different  condi- 
tions, as  follows:  (i)  In  the  free  state;  (2)  dissolved  in 
sodium  carbonate  ;  (3)  in  the  presence  of  a  large  excess  of  free 
alkali. 
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Each  of  the  acids  of  the  cinnamic  acid  type  was  found  to  give 
benzaldehyde  under  all  the  above-mentioned  conditions.  The 
acids  belonging  to  this  group,  which  were  examined,  are  cin- 
namic acid,  a-bromcinnamic  acid,  a-ethylcinnamic  acid  and 
a-butylcinnamic  acid.  Phenylacetic  acid,  in  dilute  sodium 
carbonate  solution,  gives  benzaldehyde,  but  in  the  presence  of 
free  alkali  does  not  give  the  aldehyde.  This  behavior  afifords 
a  means  of  detecting  the  cinnamic  acid  derivatives  in  the  pres- 
ence of  phenylacetic  acid. 

Hydrocinnamic  acid  gives  no  aldehyde  in  sodium  carbonate 
solution,  which  fact  differentiates  it  from  the  cinnamic  acid 
group  ;  nor  does  it  give  any  aldehyde  in  the  presence  of  free 
alkali,  in  which  respect  it  differs  from  phenylacetic  acid. 
8-Phenyl-A»-pentenoic  acid,  CeHjCH.CHjCH  :  CHCOOH, 
gives  benzaldehyde  in  the  presence  of  free  alkali,  but  when  the 
free  acid  is  oxidized  no  aldehyde  is  obtained. 

The  mixture  of  monobrom  acids  resulting  from  the  action  of 
alcoholic  potash  on  the  dibromide, 

CH^CH^CH^CHBrCHBrCOOH, 

gives  benzaldehyde  when  oxidized  in  the  free  state,  as  well  as 
in  the  presence  of  carbonate  and  free  alkali.  The  identity  of 
the  aldehyde  was  established  by  converting  it  into  the  phenyl- 
hydrazone,  m.  p.  152°,  and  also  into  the  semicarbazone,  m.  p. 
214". 

Hydrocinnamic  Aldehyde. 

Since  the  formation  of  this  aldehyde  was  not  excluded  in 
some  of  the  experiments  described  above,  it  was  prepared  ac- 
cording to  directions  of  v.  Miller  and  Rohde.^  Hydrocinnamic 
aldehyde  reacts  with  semicarbazine  hydrochloride  to  form  a 
semicarbazone,  which  crystallizes  in  colorless  leaflets,  easily 
soluble  in  alcohol,  but  diflScultly  soluble  in  water.  It  melts  at 
125".     Analysis: 

0.H33  gram  substance  gave  21.7  cc.  N  at  21"  and  767  mm. 

1  Ber.  d.  chem.  Ges.,  23,  1080. 
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Calculated  for 
CsHsCoH^CHCHsONj.  Found. 

N  21.98  22.02 
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MAGNESIUM  PERMANGANATE  AS  AN  OXIDIZING 
AGENT. 

By  Arthur  Michael  and  Wightman  W.  Garner. 

The  use  of  potassium  permanganate,  in  aqueous  solution, 
carries  with  it  the  formation  of  a  strong  alkali,  which  may  act 
in  an  undesired  manner  on  the  substance  to  be  oxidized,  or  on 
the  products  formed  in  the  oxidation.  To  obviate  this  diflS- 
culty  it  has  been  suggested  to  carry  out  the  process  in  the 
presence  of  a  current  of  carbon  dioxide  ;  or,  to  add  magnesium 
chloride  to  the  oxidizing  mixture  and  in  this  way  render  the 
caustic  alkali  inert,  inasmuch  as  it  should  at  once  react  with 
the  chloride  and  form  the  comparatively  inactive  magnesium 
hydroxide.^  A  simpler  way  would  be  to  employ  magnesium 
permanganate  as  the  oxidizer ;  moreover,  the  decided  ten- 
dency of  magnesium  salts  to  pass  over  into  magnesium  hy- 
droxide when  heated  with  water,  seemed  to  indicate  that  this 
salt  should  possess  an  unusual  capacity  for  oxidation. 

Magnesium  permanganate  was  first  prepared  by  Mitscher- 
lich*  and  later  examined  in  his  laboratory  by  Aschoff,^  They 
obtained  the  salt  by  treating  an  aqueous  solution  of  barium 
permanganate  with  magnesium  sulphate,  or  the  corresponding 
silver  salt  with  magnesium  chloride,  and  describe  it  as  a  deli- 
quescent, crystalline  substance,  with  6  molecules  of  water  of 
crystallization.  Recently  it  has  been  prepared  by  Chambliss,* 
by  treatment  of  permanganic  acid  with  magnesium  hydroxide  ; 
he  found  that  when  heated  on  a  water-bath,  in  aqueous  solu- 
tion, it  is  rapidly  decomposed,  giving  ofi"  oxygen  and  ozone, 
and  he  also  called  attention  to  the  strong  oxidizing  power  of 
such  a  solution. 

We  first  prepared  the  salt  by  treating  silver  permanganate, 

1 1,ossen:  Ann.  Chem.  (I,iebig),  aoi,  370. 

2  Gmelin-Kraut :  Anorg.  Chem.,  II-,  p.  527. 

»  /bid. 

*  Dissertation,  Johns  Hopkins  University  (1900). 
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suspended  in  hot  water,  with  an  equivalent  quantity  of  mag- 
nesium chloride.  The  first  method  of  Mitscherlich,  however, 
gave  better  results.  Barium  permanganate^  was  prepared  from 
the  potassium  salt,  according  to  the  method  of  Muthmann,* 
the  aqueous  solution  of  the  barium  salt  thus  obtained  was 
standardized  by  means  of  oxalic  acid,  and  the  barium  precipita- 
ted by  the  addition  of  the  necessary  quantity  of  magnesium 
sulphate.  The  filtrate  from  the  barium  sulphate  was  evapora- 
ted on  the  water-bath  to  dryness.  The  product  thus  obtained 
has  a  crystalline  structure  and  bluish-gray  metallic  luster.  In 
order  to  completely  desiccate  the  salt  it  was  heated  at  ioo°,  in 
a  vacuum,  for  several  days  and  it  appeared  to  undergo  but  lit- 
tle decomposition  by  this  treatment.  Its  metallic  luster  was 
not  wholly  lost,  though  its  color  changed  from  blue  to  a  pur- 
plish tint,  resembling  that  of  the  potassium  salt.* 

We  found  anhydrous  magnesium  permanganate  to  be  insol- 
uble in  chloroform,  carbon  tetrachloride,  benzene,  toluene, 
nitrobenzene,  ligroin,  ether  and  carbon  bisulphide  and  without 
action  on  these  compounds  at  ordinary  temperatures,  unless 
some  solvent  was  added  to  bring  about  solution  of  the  salt. 
Methyl  alcohol  dissolves  it  in  considerable  quantity,  forming  a 
solution  which  is  tolerably  stable  at  ordinary  temperatures, 
while  ethyl  and  propyl  alcohols  are  attacked  instantly.  The 
methyl  and  ethyl  esters  of  acetic  acid  dissolve  the  salt  to  some 
extent  and  form  comparatively  stable  solutions.  It  also  dis- 
solves quite  readily  in  glacial  acetic  acid  and  the  solution  re- 
mains unchanged  after  several  hours  at  room  temperature. 
Propionic  acid  is  attacked  more  readily,  while  butyric  and  iso- 
valeric acids  are  decomposed  with  violence  and  with  evolution 
of  carbon  dioxide.  Acetone  dissolves  the  salt,  but  is  at  once 
attacked  with  considerable  evolution  of  heat.  By  way  of  com- 
parison, it  may  be  mentioned  that  Peau  de  Saint-Gilles*  found 
that  potassium  permanganate  is  fairly  soluble  in  acetone  and 

1  This  salt  is  now  a  commercial  product. 

2  Ber.  d.  chem.  Ges.,  26,  1016. 

3  A  sealed  lube  containing  some  of  the  salt  exploded  during  the  summer,  although 
it  was  kept  in  diffused  light. 

*  Ann.  Chim.  Phys.,  [3],  55,  396.  Sachs  :  Ber.  d.  chem.  Ges.,  34,  497.  Such  a  solu- 
tion has  been  employed  as  an  oxidizing  mixture,  vide  Sachs  :  Ber.  d.  chem.  Ges.,  34» 
497.    Michael  and  Leighton  :  J.  prakt.  Chem.,  68,  523. 
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the  solution  is  quite  stable  even  when  boiled.  Other  aliphatic 
ketones,  which  are  oxidized  with  difficulty  by  potassium  per- 
manganate, are  at  once  attacked  by  the  magnesium  salt ;  lac- 
tic and  other  hydroxy  acids,  as  well  as  keto  acids,  are  also  im- 
mediately destroyed.  Of  all  the  solvents  examined,  only  two 
were  found  to  be  sufficiently  stable  toward  the  salt  to  be  of  any 
practical  use  for  oxidation  purposes,  viz.,  glacial  acetic  acid 
and  pyridine. 

Dissolved  in  glacial  acetic  acid,  magnesium  permanganate  is 
an  extremely  powerful  oxidizing  agent.  When  such  a  solu- 
tion is  added  to  benzene,  surrounded  with  a  mixture  of  salt 
and  ice,  a  constant  current  of  carbon  dioxide  is  evolved.  This 
is  a  striking  fact  when  the  extraordinary  stability  of  benzene 
toward  other  oxidizing  agents  is  taken  into  consideration. 
Carius^  oxidized  benzene  with  a  mixture  of  manganese  dioxide 
and  sulphuric  acid  and  succeeded  in  isolating,  besides  carbon 
dioxide,  formic,  benzoic  and  phthalic  acids  as  products  of  the 
oxidation,  but  these  organic  acids  are  all  instantly  destroyed 
in  the  cold  by  magnesium  permanganate  in  acetic  acid  solution, 
and  we  were  unable  to  separate  an  intermediate  product  in  the 
oxidation  of  benzene  to  carbon  dioxide. 

The  homologues  of  benzene  show  the  same  conduct  towards 
the  solution  of  the  salt  as  does  benzene  itself.  Moreover, 
open-chain  hydrocarbons,  such  as  hexane,  which  are  also  ex- 
tremely stable  towards  the  usual  oxidizing  agents,  are  like- 
wise readily  decomposed,  yielding  carbon  dioxide. 

Potassium  permanganate  is  almost  insoluble  in  glacial  acetic 
acid,  but  is  fairly  soluble  in  acetic  anhydride,^  forming  a  solu- 
tion which  is  only  slowly  oxidized  on  standing.  Such  a  solu- 
tion is,  however,  not  to  be  compared  with  that  of  the  magne- 
sium salt  in  glacial  acetic  acid  as  regards  its  oxidizing  power. 
Benzene,  toluene  and  hexane  are  scarcely  attacked  in  the  cold, 
and  even  ketones  are  only  oxidized  with  difficulty. 

Magnesium  permanganate  dissolves  more  easily  in  pyridine 

1  Ann.  d.  Chem.,  148,  50.  Carius  used  a  mixture  of  5  parts  sulphuric  acid  to  i  of 
water,  which  dissolved  some  of  the  benzene.  Although  he  states  that  no  chemical 
action  takes  place  when  the  hydrocarbon  dissolves,  he  does  not  appear  to  have  exam- 
ined whether  a  slow  chemical  action  does  not  occur. 

2  It  is  considerably  more  soluble  in  the  anhydride  than  in  acetone. 
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than  in  glacial  acetic  acid,  but  the  solution  in  the  former  sol- 
vent has  surprisingly  weak  oxidizing  powers.  In  fact,  those 
compounds,  such  as  alcohol,  acetone  and  ethyl  acetate,  which 
are  in  themselves  solvents  for  the  salt,  are  acted  on  less 
readily  in  the  presence  of  pyridine  than  when  used  alone, 
that  is,  pyridine  seems  to  exert  an  inhibitory  influence  on  the 
salt  as  an  oxidizer.  A  solution  of  the  permanganate 
in  a  mixture  of  acetic  acid  and  pyridine  is  not  stable, 
although  either  solvent,  taken  alone,  forms  a  stable  solution. 
Potassium  permanganate  is  also  readily  soluble  in  pyridine 
but,  as  in  the  case  of  the  magnesium  salt,  the  solution  shows 
very  weak  oxidizing  powers.  Methyl  alcohol  is  more  slowly 
attacked  than  when  treated  with  the  salt  alone  ;  acetone  is 
stable  as  is  also  ethyl  acetate,  while  ethyl  alcohol  is  oxidized 
fairly  readily.  Quinoline  dissolves  the  magnesium  salt,  but 
the  solution  is  unstable  and  this  base  is  also  slowly  attacked  in 
the  presence  of  pyridine. 

From  the  above-mentioned  experiments  it  appears  that  an- 
hydrous magnesium  permanganate,  in  some  solvents,  com- 
pletely destroys  the  benzene  ring,  while  pyridine  is  attacked 
with  very  great  diflBculty.  In  the  aliphatic  series  the  higher 
hydrocarbons  and  their  derivatives  are  oxidized  very  readily 
to  carbon  dioxide,  whereas  the  lower  members,  particularly  in 
the  first  two  carbon  series,  are  comparatively  stable.  The  im- 
portance of  the  nature  of  the  solvent  used  is  strikingly  shown 
in  the  cases  of  glacial  acetic  acid  and  pyridine.  Not  only  is 
the  pyridine  solution  surprisingly  stable,  but  the  inhibitory 
effect  of  the  base  in  preventing  otherwise  easy  oxidations  is 
difficult  to  understand,  especially  as  there  is  no  evidence  of  a 
chemical  union  between  it  and  the  salt. 

These  preliminary  experiments  are  suggestive  along  several 
lines.  It  would  be  interesting  to  ascertain  whether  magne- 
sium permanganate,  in  aqueous  solution,  would  show  itself  so 
destructive  to  aromatic  substances  as  it  does  in  acetic  acid. 
That  the  aqueous  solution  will  prove  of  use  in  case  of  diffi- 
cultly oxidizable  substances  and  in  oxidations  where  it  is  de- 
sirable to  prevent  the  formation  of  an  alkaline  solution,  seems 
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very  probable.'  Again,  if  substitution  products  of  pyridine 
are  also  stable  towards  the  acetic  acid  solution,  the  mixture 
will  undoubtedly  be  of  service  in  the  degradation  of  the  many 
complicated  derivatives  of  the  base.  The  solution  of  potas- 
sium permanganate,  in  acetic  anhydride,  may  also  prove  valua- 
ble in  certain  oxidations,  as  acetic  anhydride  is  not  only  a 
ready  solvent  for  many  substances  that  are  diflBcultly  soluble 
in  water,  but  it  acts  readily  on  substances  containing  a  hy- 
droxyl  or  formyl  group,  to  form  products  that  may  be  less 
susceptible  to  oxidation,  and  the  anhydride  may,  in  this  way, 
to  a  certain  extent,  protect  the  intermediary  products  of  oxida- 
tion and  enable  their  isolation. 

Tufts  College,  Mass. 


ON  SOME  CUPRAMMONIUM  SALTS. 

By  D.  W.  Horn. 

The  object  of  this  paper*  is  to  call  attention  to  some  cupram- 
monium oxalates  that  I  have  obtained  and  to  their  bearing  on 
the  question  of  types  in  this  class  of  salts. 

The  compositions  of  the  oxalates  correspond  to  the  empir- 
ical formulae  : 

CuCA-5NH3; 
CuCA-4NH3.2H,0; 
CuCA-2NH3  ; 
CuCA.2NH3.2H,0  ; 
CuCA-NHj. 

Only  the  fourth  of  these  has  been  described  previously. 
The  preparation  of  the  oxalates  is  a  part[of  a  study  of  those 
cuprammonium  salts  that  can  be  obtained  from  aqueous  solu- 
tions, with  a  view  to  determining  whether  there  is  any  effect  of 
the  acid  residue  upon  the  composition  or  stability  of  the  salt, 
or  of  its  complex  ion. 

1  According  to  UUmann  and  Uzbachian  (Ber.  d.  chem.  Ges.,  36,  1797)  the  calcium 
salt  does  not  seem  to  be  a  more  powerful  reagent  than  potassium  permanganate. 

2  This  paper  was  read,  in  part,  before  the  Philadelphia  Section  of  the  American 
Chemical  Society,  Sept.  21,  1905. 
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The  question  of  this  effect  is  raised  by  the  differences  in 
physical  properties  of  some  cuprammonium  salts.  It  has  been 
shown  that  the  effect  of  the  addition  of  4  molecules  of  ammo- 
nia to  I  molecule  of  copper  sulphate,  dissolved  in  water,  is  to 
increase  the  molecular  lowering  by  7°. 7  and  the  equivalent 
conductivity  by  16.6  reciprocal  ohms,  whereas  a  similar  addi- 
tion to  copper  nitrate,  at  comparable  dilutions,  increases  the 
molecular  lowering  2°. 5  and  the  equivalent  conductivity  by 
6.9  reciprocal  ohms/  In  the  case  of  copper  nitrate,  additions 
of  ammonia  in  excess  of  4  molecules  to  every  molecule  of  dis- 
solved nitrate  give  normal  values  for  the  ratio  between  the 
changes  in  viscosity  and  in  concentration,  whereas,  under 
similar  circumstances,  with  copper  sulphate  the  values  for  this 
ratio  are  higher  than  the  normal  values.^  Cupritetrammonium 
nitrate  can  be  recrystallized  from  water  ;^  cupritetrammonium 
sulphate  is  decomposed  rapidly  by  water.*  Cupritetrammo- 
nium chloride  cannot  be  distinguished  from  the  corresponding 
sulphate,  when  the  salts  are  studied  as  to  their  effect  on  the 
ratio  of  distribution  of  ammonia  between  their  aqueous  solu- 
tions and  chloroform.^  Cupritetrammonium  tartrate  is  stable 
in  the  air  and  stable  in  its  solutions  for  a  very  long  time  f  the 
corresponding  sulphate  decomposes  rapidly  in  the  air,  and  its 
aqueous  solutions  deposit  basic  salts  within  a  day  or  two.' 
The  formulae  of  these  salts  are  : 

CuSO,.4NH3.H,0  f 
CuCl,.4NH3.H,0  ;« 
Cu(N03),.4NH3;'° 
CuC,HA-4NH3." 

1  Reychler  :  Ber.  d.  chem.  Ges.,  a8,  555  (1895). 

2  Blanchard :  J.  Am.  Chem.  Soc,  36,   1315  (1904)- 

3  Kane:  J.  prakt.  Chem.,  15,  276  (1838).  Ann.  Chim.  Phys.,  [2],  72.225,265,337 
(1838). 

*  Horn  and  Taylor  :  This  Journal,  3a,  253  (1904).  Sabbatani  :  Jahres.  d.  Chem. 
1891,  pp.  I.  777- 

6  Dawson  and  McCrae  :  J.  Chem.  Soc,  79,  1072  (1901). 

•  SchiflF:  Ann.  Chem.  (I,iebig),  123,  46  (1862). 
'  Horn  and  Taylor  :  Loc.  cit. 

8  Berzelius  :  Ann.  d.  Phys.  (Gilbert),  40,  300  (1813). 

»  Kane  :  Loc.  cit. 

10  Kane  :  Loc.  cit.    I  have  confirmed  these  formulae. 
i>  Schiff :  Loc.  cit. 
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These  suggest,  as  a  possible  explanation  of  the  diflference  in 
behavior,  either  the  effect  of  the  "  water  of  crystallization,"  or 
the  effect  of  the  different  acid  residues.  The  matter  may  be 
approached  experimentally  by  preparing  cuprammonium  salts 
of  the  several  acids  under  corresponding  conditions  and  com- 
paring them. 

/.  Dihydrated  Cupridiammonium  Oxalate. 

This  is  one  of  the  longest  known  among  cuprammonium 
salts.  VogeP  obtained  it  accidentally  while  trying  to  make  a 
double  oxalate  of  copper  and  ammonium.  Seubert  and  Rauter* 
corrected  Vogel's  analytical  errors  and  established  for  the  salt 
the  formula 

CuC,0,.2NH3.2H,0, 
in  the  place  of  the  one  Vogel  had  assigned,  viz.  : 
CuCA-2NH3.H,0. 

Preparation. — This  salt  results  when  the  solution,  obtained 
by  treating  strong  ammonia  water  with  just  as  much  copper 
oxalate  as  it  can  dissolve  in  the  cold,  is  exposed  in  an  evapora- 
ting dish  to  the  air  for  several  hours  (Vogel);  when  a  solu- 
tion of  copper  oxalate  in  an  excess  of  ammonia  is  allowed  to 
evaporate  in  the  air  ;  or  when  a  solution  of  copper  oxalate  in 
concentrated  ammonia  is  diluted  cautiously  with  water  (Seu- 
bert and  Ranter)  ;  when  a  solution  of  cupritetrammonium  sul- 
phate is  treated  with  an  equivalent  solution  of  potassium 
oxalate,  in  the  presence  of  an  excess  of  ammonia  (Kohlschut- 
ter).^  Unless  precautions  are  taken,  the  solution  may  be 
heated  through  30°  or  more  by  the  heat  evolved  as  the  oxalate 
dissolves  in  the  ammonia  water  ;  so  long  as  the  resulting  solu- 
tion is  unsaturated  with  respect  to  copper  oxalate,  the  same  salt 
separates  out  when  the  solution  is  cooled  suddenly  as  when  it 
cools  gradually. 

The  specimen  used  in  the  first  two  of  the  following  analyses 
was  prepared  by  the  gradual  cooling  of  an  unsaturated  solution 

1  J.  f.  Chem.  Phys.  (Schweigger),  7,  i  (1813). 

2  Ber.  d.  chem.  Ges.,  25,  2821  (1892). 
^  /bid.,  37,  1 153  (1904). 
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of  copper  oxalate  in  dilute  ammonia  water,  and  for  the  last  two 
analyses  the  specimen  was  prepared  by  rapid  cooling  of  a  simi- 
lar solution. 

Percentage 
calculated  for 


15-40 


Characteristics. — lyarge,  brilliant  crystals  of  this  salt  form 
very  readily.  Vogel  described  these  as  short  pieces  of  six- 
sided,  much  flattened  columns,  with  two  broad  sides  opposite 
each  other  and  with  four  small  faces.  Seubert  and  Rauter  de- 
scribe them  as  "triclinic."  A  large  number  of  these  have 
been  examined  with  the  polarizing  microscope  and  it  has  been 
found  that  they  invariably  show  parallel  extinction  and  the 
biaxial  brush  in  convergent  light ;  the  crystals,  therefore,  are 
orthorhombic.     The  axis  of  greatest  elasticity  is  parallel  to  the 

longest  direction  of  the  crystal  ;  that  is,  presumably,  (U  =  C.^ 
The  crystals  effloresce  in  the  air,  due  to  the  loss  of  both  am- 
monia and  water.  In  a  desiccator  over  lime  and  potassium 
hydroxide  they  effloresce  so  slowly  that  they  may  be  dried  in 
this  way  for  analysis.  If  the  salt  is  heated  it  decomposes 
gradually  at  first,  but  the  decomposition  soon  becomes  violent 
and  the  specimen  that  is  being  heated  is  scattered.  Such  a 
result  cannot  be  avoided  even  by  very  cautious  heating  in  hy- 
drogen. The  salt  has  a  blue  color,  quite  like  that  of  the  crys- 
tallized copper  nitrate,  Cu(NOj)23H20.  Its  color  could  not 
possibly  be  confused  with  the  deep  purple-blue  of  the  tetram- 
monium  salts  like  cupritetrammonium  sulphate. 

//.  Anhydrous  Cupridiammonium  Oxalate. 

Preparation. — This  compound  is  formed  while  a  hot,  satura- 
ted solution  of  copper  oxalate  in  ammonia  water,  sp.  gr.  0.9, 
is  cooling.  A  convenient  way  to  obtain  it  is  to  filter  the  hot 
solution,  for  the  salt  separates  from  the  solution  with  great 

1 1  am  indebted  to  Dr.  P.  Bascom  for  the  examination  of  the  crystals  described  in 
this  paper. 
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rapidity  and  most  of  it  will  be  found  upon  the  filter.    Analy- 
sis of  an  air-dried  specimen  : 


Weight  of 
salt  taken. 

Gram. 
0.1748 
0.2877 

Weight  of 
salt  taken. 
Gram. 
0.1833 
0.2192 


Volume  of  acid 
neutralized  by 
the  ammoaia. 


9.10 
14.64 

Weight  of 

cuprous  sulphide 

obtained. 

Gram. 

0.0775 
0.0924 


Percentage  of 

ammonia 

found. 


18.94 
18.51 


Percentage  of 
copper  found. 


33-77 
33-66 


Percentage 
calculated  for 
CUC2O4.2NH,. 


18.38 


Percentage 
calculated  for 
CUC2O4.2NH3. 


34.24 


Some  of  this  same  salt  may  separate  from  a  saturated  solu- 
tion of  copper  oxalate  in  ammonia,  made  for  the  purpose  of 
preparing  the  dihydrated  salt.  In  such  cases  the  anhydrous 
salt  always  separates  first.  The  following  are  single  analyses 
of  specimens  of  the  anhydrous  salt  obtained  from  such  solu- 
tions : 


Weight  of 
salt  taken. 

Gram. 
0.0509 
0.2410 


Weight  of 

cuprous  sulphide 

obtained. 

Gram. 
0.0217 
0.1022 


Percentage  of 
copper  found. 


34-04 

33-87 


Percentage 
calculated  for 
CUC2O4.2NHS. 


34-24 


Characteristics.— T\i\s  salt  separates  as  a  sandy  powder, 
which  consists  of  very  small  crystals  that  are  highly  doubly- 
refracting.  They  are  orthorhombic  and  the  axis  of  least 
elasticity  is  parallel  to  the  longest  direction  of  the  crystal ; 

that  is,  presumably,  (H  =  C.  The  salt  is  fairly  stable  in  the 
air  and  can  be  dried  for  analysis  between  filter  papers.  The 
phenomena  that  accompany  its  decomposition  by  heat  are  the 
same,  in  general,  as  those  accompanying  the  decomposition  of 
the  dihydrated  salt,  except  that  the  decomposition  becomes 
more  violent.  The  salt  exhibits  an  unusually  intense  blue 
color  that  is  very  striking  and  by  which  it  could  be  distin- 
guished from  any  other  blue  salt  that  I  know  of. 

Vogel  probably  prepared  this  salt,  but  on  account  of  faulty 
analyses  ascribed  to  it  an  erroneous  formula,  i.  e.,  CuC,O^.NH,. 
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This  formula  appears  in  some  of  the  reference  books.^  In  his 
paper  Vogel  states  that  ' '  if  one  introduces  into  a  vessel  of  am- 
monia water  more  copper  oxalate  than  the  ammonia  can  dis- 
solve, the  copper  oxalate  on  the  bottom  of  the  vessel  changes 
into  a  pulverulent,  sandy  mass,  which  is  very  similar  to  strongly- 
colored,  dark  blue  smalt,  its  color  having  a  great  deal  of  bril- 
liancy (Feuer) .  From  the  supernatant  mother  liquor  the  efflores- 
cent salt  CuC20^.2NH3.2Hj,0  crystallizes  subsequently,  and  then 
the  mother  liquor  is  colored  feebly  green."  It  is  impossible  to 
draw  any  conclusion  from  the  results  of  his  analysis  ;  for  ex- 
ample, the  percentage  of  copper  oxide  found  by  him  lies  al- 
most exactly  half  way  between  the  percentage  required  by  the 
formulae  CuC20,.2NHs  and  CuC.O^.NHg.  His  description  of 
the  physical  properties  of  the  substance  agrees  very  closely 
with  the  properties  of  the  salt  CuC20^.2NH3,  and  the  addi- 
tional fact  that  the  supernatant  liquid  subsequently  yielded  the 
dihydrated  salt  is  entire  agreement  with  the  assumption  that 
Vogel  had  the  anhydrous  diammonium  oxalate.  Seubert  and 
Rauter  make  no  reference  to  this  anhydrous  diammonium  salt, 
nor  to  Vogel' s  description  of  it.  I  attempted  to  reproduce  the 
conditions  stated  by  Vogel ;  to  this  end,  copper  oxalate  was 
ground  in  a  porcelain  mortar  for  more  than  half  an  hour  with 
ammonia  water,  sp.  gr.  0.9.  After  it  had  been  dried  over 
potassium  hydroxide,  the  material  thus  obtained  was  analyzed 
for  ammonia.  The  percentages  found  were  17.01  and  17.99, 
values  that  approach  the  18,38  required  by  the  formula 
CuC20^.2NH3.  This  point  is  of  especial  interest  because  I 
have  obtained  a  salt  of  composition  represented  by  the  formula 
CUC2O4.NH3,  the  formula  that  Vogel  erroneously  assigned  to 
the  intensely  blue  salt,  CuC20^.2NH3,  As  will  be  seen  in  the 
next  paragraph,  the  salt  that  actually  has  the  formula 
CuC20^.NH3  differs  very  much  in  its  properties  and  prepara- 
tion from  the  salt  to  which  Vogel  had  assigned  this  same  for- 
mula. 

///.  Cuprimonammonium  Oxalate. 
Preparation. — After  the  mother  liquor  has  completely  de- 

1  Handb.  d.  Org.  Chem.,  Beilstein,  2  ed.,   I.,  p.  582.    Handworterb.   d.  Chem., 
Ladenburg,  VIH.,  p.  405. 
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posited  the  two  salts  already  described,  CuCj,0^.2NH3  and 
CuC,0^.2NH3.2H20,  the  residual  solution  is  colored  feebly 
green,  as  stated  by  Vogel.  If  this  green  liquid  is  allowed  to 
stand  exposed  to  the  air  for  some  time,  small  crystals  of  the 
salt  CuCjO^.NHg  are  formed.  These  are  firmly  attached  to  the 
walls  of  the  crystallizing  dish  containing  the  liquor.  The 
amount  of  oxalate  deposited  in  this  form  is  relatively  small. 
The  following  are  the  results  of  the  analysis  of  this  salt  : 


Weight  of 
salt  taken. 

Weight  of 

cuprous  sulphide 

obtained. 

Percentage  of 
copper  found. 

Percentage 
calculated  for 
CUC2O4.NH3. 

Gram. 

Gram. 

0.2094 

0.0981 

37-40 

37-71 

O.I74I 

0.0817 

37-50 

Weight  of 
salt  taken. 

Volume  of 

acid  neutralized 

by  ammonia. 

Percentage 

of  ammonia 

found. 

Percentage 
calculated  for 
CUC2O4.NH3. 

Gram. 

cc. 

0.1569 

4.43 

10.27 

10.37 

0.  1671 

4.86 

10.34 

Characteristics. — This  salt  separates  in  the  form  of  hard, 
brilliant,  very  small  crystals.  When  examined  with  the 
polarizing  microscope  they  proved  to  be  orthorhombic  and  of 
prismatic  habit.  The  axis  of  greatest  elasticity  is  parallel  to 
the   longest   direction   of   the  crystal ;    that   is,   presumably, 

d  =  C.  The  color  of  the  crystals  is  pale  green.  When 
heated,  the  salt  decomposes  with  violence  and  leaves  a  deposit 
resembling  amorphous  carbon. 

IV.  Dihydrated  Cupritetr ammonium  Oxalate. 

Preparation. — When  a  solution  of  copper  oxalate  in  ammo- 
nia water  is  saturated  with  ammonia  gas,  this  salt  separates 
out  as  the  concentration  of  the  ammonia  in  the  solution  in- 
creases. If  the  original  solution  is  made  by  taking  more  than 
5  volumes  of  water  to  i  of  ammonia  water,  sp.  gr.  0.9,  the 
yield  of  the  salt  becomes  very  small  and  it  is  usually  necessary 
to  chill  the  solution  in  ice-water  to  obtain  any  considerable 
amount  of  it.  In  strong  solutions  the  salt  may  begin  to  crys- 
tallize at  temperatures  as  high  as  35°.     Analysis  : 
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Weight  of 

salt  taken. 

Gram. 

Weight  of 

cuprous  sulphide 

obtained. 

Gram. 

Percentage  of 
copper  found. 

Percentage 

calculated  for 

CuC2O4.4NH3.2H2O. 

0.3649 
0.4402 

0.4337 

O.I  124 

0.1358 
0.1339 

24.60 
24.63 
24.65 

24.85 

Weight  of 

salt  taken. 

Gram. 

Volume  of 

acid  neutralized 

by  ammonia. 

cc. 

Percentage  of 
ammonia  found. 

Percentage 

calculated  for 

CuC2O4.4NH3.2H2O 

O.513I 
0.5786 

37.63 
42.44 

26.69 
26.69 

26.67 

Characteristics. — This  salt  separates  from  warm,  concentra- 
ted solutions  in  crystals  that  are  2-3  mm.  in  greatest  length. 
If  a  mother  liquor  that  is  yielding  the  salt  is 'filtered  and  evap- 
orated at  ordinary  temperatures,  in  a  desiccator,  over  lime, 
crystal  masses  as  much  as  4  cm.  in  length  may  be  obtained. 
These  crystals  cannot  be  examined  except  through  the  glass 
cover  of  the  desiccator,  but,  apparently,  they  are  monoclinic, 
showing  orthodome  and  basal  pinacoid  and  ortho-  and  clino- 
pinacoids  developed  in  the  prismatic  zone.  The  salt  is  ex- 
tremely unstable  when  separated  from  its  mother  liquor.  It 
cannot  be  dried,  at  ordinary  temperatures,  with  any  degree  of 
assurance  that  decomposition  will  not  set  in.  It  can  be  dried, 
however,  over  lime,  in  a  desiccator  kept  at  about  5",  in  an  ice- 
chest.  When  exposed  to  the  air,  even  the  dry  salt  decomposes 
with  great  rapidity.  Its  instability  was  clearly  shown  in  one 
case,  where  a  glass  stoppered  weighing  tube  containing  some 
of  the  salt  was  shaken  rather  violently  to  break  up  some  lumps 
of  crystals  prior  to  weighing  for  analysis  ;  the  stopper  was 
blown  repeatedly  from  the  tube  by  the  ammonia  evolved  in  the 
rapid  decomposition  that  followed  this  disturbance.  When  the 
decomposition  has  once  been  started  by  any  cause,  it  appears  to 
advance  under  the  conditions  in  which  the  salt  had  previously 
seemed  to  be  stable.  Unlike  any  of  the  oxalates  previously 
mentioned,  this  salt  readily  parts  with  its  ammonia  when  it  is 
cautiously  heated  in  hydrogen  ;  under  these  circumstances  the 
decomposition  does  not  take  place  with  any  violence.  If 
heated  in  the  air,  however,  the  decomposition  becomes  violent. 
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The  color  of  the  salt  is  deep  purple-blue,  closely  resembling 
that  of  cupritetrammonium  sulphate. 

Kohlschutter  in  his  work  realized  conditions  under  which 
this  or  some  other  tetrammonium  oxalate  was  to  be  expected. 
He  treated  cupritetrammonium  oxalate,  in  solution,  with  an 
equivalent  solution  of  potassium  oxalate,  in  the  presence  of  an 
excess  of  ammonia.  The  product,  however,  was  the  dihydra- 
ted  diammonium  salt.  He  thinks  this  result  is  ' '  clearly  to  be 
ascribed  to  the  tendency  of  the  oxalic  acid  residue  to  enter  into 

direct  union  with  the  copper  atom, a  tendency 

that  displays  itself  in  the  instantaneous  combination  of  the 
cupric  ion  with  the  oxalic  acid  ion  to  form  the  completely  in- 
soluble copper  oxalate."^  If  such  a  tendency  can  be  fairly 
assumed,  it  is  obvious  that  it  has  a  limit  and  vanishes  under 
proper  conditions. 

V.  Cupripentammonium  Oxalate. 

Preparation. — This  salt  was  obtained  when  a  hot,  saturated 
solution  of  copper  oxalate  in  ammonia  water,  sp.  gr.  0.9,  was 
saturated  with  ammonia  gas  as  it  cooled.     Analysis  : 


Weight  of 

salt  taken. 

Gram. 

Weight  of 

cuprous  sulphide 

obtained. 

Gram. 

Percentage  of 
copper  found. 

Percentage 
calculated  for 
CUC2O4.5NH3. 

0.3466 
0.3797 
0.4343 

O.I  155 

0.1269 
0.1455 

26.62 
26.69 
26.75 

26.84 

Weight  of 

salt  taken. 

Gram. 

Volume  of 

acid  neutralized 

by  ammonia. 

cc. 

Percentage  of 
ammonia  found. 

Percentage 
calculated  for 
CUCQO4.5NH8. 

0.3340 
0.4466 
0.3328 

32.15 
43.15 
32.62 

3502 
35.15 

35-66 

36.01 

Characteristics. — This  salt  appears  in  crystals  closely  resem- 
bling those  of  the  tetrammonium  oxalate,  but  slightly  more 
purple  in  color.  Its  instability  is  very  great.  Like  the  tetram- 
monium salt,  it  is  readily  deprived  of  its  ammonia  when  it  is 
cautiously  heated  in  an  atmosphere  of  hydrogen.     When  its 

>  Kohlschutter  :  Loc.  cit. 
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solution  in  warm  ammonia  water,  sp.  gr.  0.9,  is  cooled,  the 
tetrammonium  oxalate  crystallizes  out. 

Of  these  oxalates,  the  monammonium  and  pentammonium 
salts  contain  copper  and  ammonia  in  ratios  in  which  they  have 
never  before  been  observed  in  salts  prepared  from  solution^ 
Two  sulphates  of  corresponding  formulae  have  been  described, 
but  both  of  these  salts  have  been  made  only  by  the  action  of 
dry  ammonia  on  anhydrous  copper  sulphate. 

The   pentammonium   salt   obtained  from  aqueous    solutions 

+       + 
raises  the  question  of  the  existence  of  an  ion  CuCNHj)^.     As 

is  obvious  from  the  formulae  and  from  the  method  of  prepara- 
tion, the  case  of  the  oxalates  is  not  analogous  to  that  of  the 
sulphates 

CuSO^.sNHj, 

CuSO,.4NH3.H,0, 

CuS0,.4H,0.H,0, 

from  the  point  of  view  emphasized  by  Werner.  He  represents 
the   one    cuprammonium    sulphate    as    Cu(NH3)^.S04.HjO,^ 

+  + 
which  should  yield  the  kathion  Cu(NHs)^ ;  the  other  cupram- 
monium sulphate  is  not  assigned  a  structural  formula,  but  this 
class  of  salts  is  dismissed  with  the  statement  that  ' '  the  num- 
ber of  compounds  with  the  complex  (MAJ  is  too  small  to  be 
discussed  here  at  present.'"*  The  pentahydrate,  however,  is 
represented  as  Cu(H,0),S04.H,0.' 

+  + 
The  most  obvious  assumption  is  that  there  is  an  ionCu(NH3)5. 

The  existence  of  this  ion  has  already  been  assumed  by  Locke,* 
who,  in  interpreting  the  values  he  had  found  for  the  "  com- 
bined ammonia,"  in  ammoniacal  solutions  of  copper  sulphate, 
estimated  that  about  3  per  cent  of  the  total  copper  must  be 

+  +  +  + 

present  in  a  higher  complex,   Cu(NH,)5  or  CuCNHJg,  when 

the  concentration  of  copper  is  0.1175  molar  and  that  of  ammo- 
nia normal. 

1  Z.  anorg.  Chem.,  3,  309  (1893). 

» Ibid.,  a,  303. 

*  This  Journal,  31,  268  (1904). 
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These  5  oxalates  do  not  fit  in  with  the  two  generally  ac- 
cepted types  of  cuprammonium  compounds  that  Kohlschutter 
says  are  now  recognized  in  most  text-books  and  books  of  refer- 
ence. The  types  are  CuCNHgXXj  and  Cu(NH3),X,;  theyareto 
be  regarded  as  fundamental  types  because  ' '  by  far  the  larger 
number  of  cuprammonium  salts  contain  2  or  4  ammonia  groups 
in  the  molecule."  There  is,  however,  no  apparent  reason  why 
any  one  of  these  5  oxalates  should  be  assumed  to  be  of  a  more 
fundamental  type  than  any  other  one.  It  is  true  that  some  of 
them  contain  copper  and  ammonia  in  ratios  that  are  not  com- 
mon, but  at  present  this  can  as  well  be  regarded  as  due  to  the 
comparatively  undeveloped  condition  of  the  chemistry  of 
cuprammonium  salts  as  to  any  assumed  peculiarity  in  copper 
and  ammonia  that  would  cause  them  to  combine  more  fre- 
quently in  the  ratios  i  :  4  and  i  :  2  than  in  other  ratios. 

Any  conception  of  one  type  as  more  "  fundamental"  than 
any  other  can  be  drawn  only  from  comparisons  of  the  formulae 
of  the  cuprammonium  salts  that  are  to  be  found  in  the  records, 
but  it  is  imperative  that  only  comparable  cases  should  enter 
as  data  in  such  comparisons.  Cuprammonium  salts  that  have 
been  separated  from  solutions  containing  other  salts,  or  from 
solutions  to  which  alcohol  has  been  added,  cannot,  at  present, 
be  compared  with  cuprammonium  salts  that  have  separated 
from  solutions  containing  only  the  copper  salt,  ammonia  and 
water.  Kohlschutter' s  work^  shows  that  the  presence  of  other 
salts  affects  the  complexity  of  the  cuprammonium  salt  that 
subsequently  separates  from  the  same  solution,  and  Dawson 
and  McCrae''  have  called  attention  to  the  probable  disturbing 
influence  of  alcohol  on  the  equilibrium  between  copper  and 
ammonia. 

The  simple  cuprammonium  salts  that  have  so  far  been  ob- 
tained from  aqueous  solutions,  in  the  absence  of  other  electro- 
lytes and  in  the  absence  of  alcohol,  are  not  numerous.  They 
are,  so  far  as  I  am  aware  : 

1  Loc.  cit. 

2  J.  Chem.  Soc.,  77,  1255  (1900). 
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CuSO,.4NH3.H,0/ 

CuCl,.4NH3.H,0,' 

Cu(N03),.4NH3,^ 

CuIA.4NH3.3H,0.' 

CuS,0,.4NH3,* 

CuC,HA.4NH3/ 

CuC,HA.4NH3/ 

Cu(C,H30,)3.2NH3.2H,0,^ 

Cu(SCN),.2NH3/ 


and  the  oxalates: 


CuCA-NH,, 

CUCA.2NH3, 

CuCA-2NH3.2H,0, 

CuCA-4NH3.2H,0, 

CuCA-SNH,. 

The  number  is  scarcely  large  enough  to  warrant  the  as- 
sumption of  any  type  as  fundamental  for  all  cuprammonium 
compounds. 

If  we  add  to  these  the  salts  that  have  been  obtained  by  the 
action  of  dry  ammonia  on  anhydrous  copper  salts,  at  ordinary 
temperatures,  we  find  no  added  reason  for  assuming  any  funda- 
mental type.     These  salts  are  : 

CuS0,.5NH„' 

CuCl,.6NH3,« 

CuBrj.eNHj." 

1  Berzelius  :  Loc.  cit. 

«  Kane  :  Loc.  cit. 

8  Rammelsberg  :  Ann.  d.  Phys.  u.  Chem.  (Poggendorff),  44,  569  (1838). 

♦  Heereu  :  Ibid.,  7,  189  (1826). 
f>  Schiff :  Loc.  cit. 

«  Meitzendorff :  Ann.  d.  Phys.  u.  Chem.  (Poggendorfi),  56,  63  (1843). 

I  Rose,  H. :  Ibid.,  ao,  150  (1830). 

«  Bouzat :  Ann.  Chim.  Phys.,  [7],  ap.  330  (1903.    Rose  and  Bouzat :  Loc.  cit. 

•  Richards  :  Ber.  d.  chem.  Ges.,  23,  3790  (1890). 
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Rammelsberg'  erroneously  assigned  to  this  last  salt  the  for- 
mula CuBr,.5NH,. 

There  is  no  reason  to  believe  that  these  latter  salts  are  not 
as  truly  cuprammonium  salts  as  are  those  in  the  preceding 
list.  They  simply  happen  to  have  been  prepared  in  the  ab- 
sence of  water,  while  the  others  have  been  prepared  in  its  pres- 
ence. Any  generalization  as  to  cuprammonium  salts  must  in- 
clude these  compounds,  or  they  must  be  shown  to  be  a  unique 
class  of  substances. 

I  regard  it  as  more  profitable,  at  present,  to  consider 
cuprammonium  salts  from  the  point  of  view  of  the  equilibria 
that  exist  at  the  time  the  salts  are  forming.  This  conception 
has  the  advantage  that  it  is  sufficiently  general  to  include, 
logically,  the  salts  prepared  from  aqueous  solutions  and  those 
prepared  from  anhydrous  salts  and  dry  ammonia,  and  in  that 
it  suggests  experimental  work  that  would,  necessarily,  extend 
the  chemistry  of  cuprammonium  salts.  The  facts  that  cupri- 
tetrammonium  sulphate,  chloride,  nitrate  and  oxalate,  when 
brought  into  the  presence  of  water,  at  once  undergo  partial 
decomposition  with  the  setting  free  of  ammonia,  and  that, 
when  solutions  of  copper  sulphate,  chloride,  nitrate  and  oxalate 
are  saturated  with  ammonia  gas,  the  corresponding  tetrammo- 
nium,  or  higher,  salts  are  forced  to  crystallize  gradually  out  of 
the  solutions  as  the  concentration  of  ammonia  rises,  suggest 
that  cuprammonium  complexes  are  formed  only  under 
definite  conditions  of  relative  concentrations  of  water,  am- 
monia and  copper  salt.  The  three  concentrations  referred 
to  are  different  for  different  complex  salts  of  the  same 
acid,  and  are  different  for  the  same  complex  salt  of  different 
acids.  Thus,  if  we  consider  the  dihydrated  diammonium  and 
tetrammonium  oxalates,  which  are  different  complex  salts  of 
the  same  acid,  obviously,  from  what  has  been  said  of  their 
preparation,  there  is  a  higher  relative  concentration  of  ammo- 
nia and  a  lower  relative  concentration  of  water  in  the  equi- 
librium equation  for  the  tetrammonium  salt  than  for  the  diam- 
monium salt.  If  we  consider  two  pentammonium  salts,  the 
same  complex  salt  of  different  acids,  it  would  seem  that  the 

I  Ann.  d.  Phys.  u.  Chem.  (Poggendorflf),  55  >  247  (1843). 
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relative  concentration  of  water  in  the  equilibrium  equation  for 
cupritetrammonium  sulphate  is  much  lower  than  the  relative 
concentration  of  water  in  the  equilibrium  equation  for  the 
pentammonium  oxalate,  for  the  oxalate  can  be  obtained  from 
aqueous  solutions,  while  the  sulphate  requires  so  low  a  relative 
concentration  of  water  that  this  value  has  not  yet  been  reached 
by  introducing  ammonia  gas  into  an  aqueous  solution  of  cop- 
per sulphate  ;  so  that  the  pentammonium  sulphate  has,  so  far, 
only  been  produced  under  conditions  where  the  relative  con- 
centration of  water  was  almost  nil,  that  is,  when  the  anhy- 
drous salt  is  treated  with,  approximately,  dry  ammonia. 

It  may  be  that  the  relative  concentration  of  water  is  so  low 
in  the  equilibrium  equations  for  most  cupripentammonium  and 
higher  cupriammonium  salts  that  it  cannot  be  attained  by  dis- 
solving ammonia  in  the  aqueous  solution  of  the  salt,  or  that  it 
cannot  readily  be  attained  and,  therefore,  most  of  the  pentam- 
monium salts  have  not  yet  been  prepared  from  aqueous  solu- 
tions. The  relative  concentration  of  water  is,  in  general, 
higher  for  tetrammonium  salts  than  for  pentammonium  salts, 
and  in  many  instances  it  can  readily  be  attained  in  solutions, 
so  that  there  are  a  number  of  well  known  tetrammonium  salts 
that  have  been  obtained  from  aqueous  solutions.  There  are 
some  instances  where  one  would  infer  that  this  value  for  the 
relative  concentration  of  water  is  so  low  that  it  is  not  easily  at- 
tained by  introducing  ammonia  into  an  aqueous  solution  of  the 
copper  salt,  for  in  these  cases  the  highest  cuprammonium 
salts,  so  far  obtained  from  aqueous  solution,  contain  but  2  am- 
monia groups. 

It  follows  that  in  systems  where  the  relative  concentration 
of  water  is  very  small  or  almost  nil,  at  least  as  high  cupram- 
monium salts  should  be  obtained  as  in  systems  where  the  rela- 
tive concentration  of  water  is  as  low  as  it  can  be  gotten  by  the 
introduction  of  ammonia  gas  into  an  aqueous  solution  of  the 
copper  salt.  That  is,  the  highest  salt  obtainable  by  treating 
the  anhydrous  salt  with  approximately  dry  ammonia  must  al- 
ways contain  at  least  as  many  ammonia  groups  as  the  highest 
salt  of  the  same  acid  obtainable  from  aqueous  solutions.  It  is 
to  be  expected  that  the  highest  salt  obtainable  by  the  treat- 
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ment  of  anhydrous  salt  with  approximately  dry  ammonia  will, 
in  some  cases  if  not  in  all,  exceed  in  complexity  the  highest 
salt  of  the  same  acid  obtainable  from  aqueous  solution. 

The  number  of  salts  that  have  been  prepared  from  the  an- 
hydrous salts  by  the  action  of  approximately  dry  ammonia  is 
not  large,  but  in  every  instance  the  salt  thus  obtained  does  ex- 
ceed in  complexity  the  highest  salt  of  the  same  acid  obtainable 
from  aqueous  solution  by  the  introduction  of  ammonia  gas. 

This  line  of  reasoning  is  consistent  as  long  as  there  is  no  ex- 
perimental fact  against  the  assumption  that,  between  the  limits 
copper  salt  +6NH3  and  copper  salt  -j-NHj,  only  the  effects  of 
mass  action  need  be  considered,  and  no  such  fact  is  known  at 
present. 

This  method  of  consideration  presupposes,  throughout,  that 
we  are  dealing  with  salts  prepared  at  comparable  temperatures, 
in  systems  containing  nothing  but  copper  salt,  water  and  am- 


Analytical  Methods. 

In  general,  the  same  methods  have  been  used  for  determin- 
ing copper  and  ammonia  as  have  been  described  in  a  previous 
paper.     Slight  modifications,  however,  were  adopted. 

Because  the  oxalates  could  not  be  heated  in  the  air  without 
violent  decomposition,  the  salts  CuCjO^.sNH,  and  CuC^O^. 
4NH3.2HJO  were  heated  in  hydrogen.  The  residues,  consist- 
ing largely  of  metallic  copper,  were  then  heated  in  the  air  for 
half  an  hour  with  a  view  to  completely  oxidizing,  by  the  cop- 
per oxide,  any  trace  of  organic  matter  that  might  remain  after 
the  decomposition  in  hydrogen.  The  copper  oxide  was  then 
converted  into  cuprous  sulphide,  by  Rose's  method,  and 
weighed.  In  the  case  of  the  salts  CuCA-2NHs  and  CuCjO,. 
NH3,  it  was  impossible  to  get  rid  of  the  ammonia  they  con- 
tained by  heating  in  the  air  or  in  hydrogen,  for  the  decompo- 
sition invariably  ended  disastrously,  from  the  point  of  view  of 
quantitative  analysis.  Consequently  these  salts  were  treated 
with  a  little  concentrated  sulphuric  acid  and  heated  very  cau- 
tiously until  the  evolution  of  gases  ceased,  the  excess  of  sul- 
phuric acid  being  subsequently  volatilized  at  a  higher  tempera- 
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ture.  The  residues,  consisting  of  anhydrous  copper  sulphate, 
were  then  converted  to  cuprous  sulphide  and  weighed.  The 
results  for  copper  run  almost  uniformly  low  ;  I  know  of  no 
other  reason  for  this  than  that  there  may  have  been  small  and 
unavoidable  losses  of  solid  matter  in  both  processes  by  which 
the  salts  were  freed  from  ammonia. 

The  salts  were  weighed  directly  into  an  excess  of  concen- 
trated hydrochloric  acid  when  they  were  to  be  analyzed  for 
ammonia.  There  was  extremely  rapid  decomposition  with 
loss  of  ammonia  during  the  weighings  of  the  salt  CuC^O^.sNHj. 
Concentrated  hydrochloric  acid  was  used  in  the  place  of  sul- 
phuric acid,  which  had  been  used  in  the  analysis  of  the  cupram- 
monium  sulphates,  because  the  oxalates  can  be  dissolved  in  hot, 
concentrated  hydrochloric  acid,  whereas  they  are  nearly  insol- 
uble in  sulphuric  acid.  Better  agreement  among  the  results  of 
parallel  analyses  was  obtained  when  the  oxalates  had  first  been 
dissolved,  before  the  addition  of  the  alkali  prior  to  distillation, 
than  when  they  had  not  been  dissolved. 

Chemical  I^aboratory, 

Bryn  Mawr  College, 

December,  1905. 


REPORTS. 

Preparation  of  Pure  Ethyl  Alcohol. 

Commercial  "absolute"  alcohol  always  contains  water, 
sometimes  as  much  as  1-2  per  cent ;  in  addition  to  this,  aldehyde 
is  frequently  present  in  varying  quantity.  The  methods  of 
purification  in  general  use  in  laboratories,  such  as  distillation 
over  lime,  baryta,  sodium,  etc.,  although  adequate  to  remove 
the  water,  fail  to  affect  the  aldehyde  and  it  cannot  be  elimina- 
ted by  fractionation.  The  problem  of  its  removal  has  been  at- 
tacked recently  by  L.  W.  Winkler^  in  the  following  manner  : 
Silver  oxide,  prepared  from  the  nitrate,  is  well  washed  and 
dried  at  the  ordinary  temperature.  It  is  then  triturated  with 
a  little  of  the  alcohol  and  the  thin  paste  added  to  the  remain- 
der. The  quantity  of  oxide  used  depends,  of  course,  on  the 
particular  sample  of  alcohol ;  it  need  not  exceed  a  few  grams  to 
the  liter  and  may  be  less.  To  neutralize  the  acetic  acid  which 
is  produced  potassium  hydroxide,  1-2  grams  per  liter,  is  added; 

1  Ber.  d.  chem.  Ges.,  38,  36"  (1905)- 
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the  mixture  is  frequently  shaken  and  allowed  to  remain  for 
several  days  at  the  ordinary  temperature,  until  a  portion  of  the 
alcohol  fails  to  give  the  test  for  aldehyde  with  ammoniacal 
silver  solution. 

The  author  recommends  metallic  calcium,  in  the  form  of 
filings,  for  the  removal  of  water  from  alcohol  ;  20  grams  are 
usually  suflScient  to  dehydrate  i  liter  of  commercial  ' '  abso- 
lute" alcohol.  The  substances  are  mixed  and  boiled  in  a  dis- 
tillation flask  with  a  reversed  condenser  and  then  distilled  ; 
cork  connections  must  not  be  used.  The  product  is  99.9  per 
cent  pure.  A  second  treatment  with  0.5  per  cent  of  its  weight 
of  calcium  appears  to  remove  the  last  trace  of  water,  because  a 
third  treatment,  also  with  0.5  per  cent  of  calcium,  was  found 
to  produce  no  further  change.  Certain  physical  properties  of 
alcohol,  purified  in  this  manner  and  fractionally  distilled,  were 
determined  with  the  following  results :  Sp.  gr.  at  0°  =^ 
0.80629,  at  10°  =0.79787,  at  15°  =  0.79363,  at  20°  =0.78937; 
these  figures  are  reduced  to  a  vacuum  and  referred  to  water  at 
4°.  The  corresponding  values  given  by  Mendeleeff  are 
0.80625,  0.79788,  0.79367  and  0.78945,  respectively.  The 
boiling  points  are  77°. 81  (743.5  mm.),  78°. 20  (754.9  mm.) 
and  78°. 29  (757.8  mm.);  therefore  a  difference  of  i  mm.  pres- 
sure causes  a  change  of  o°.034  in  the  boiling  point.  The 
author  mentions  two  rather  curious  facts  which  he  has  ob- 
served in  the  course  of  his  work.  The  reaction  between  cal- 
cium and  alcohol  is  the  more  vigorous  the  less  water  is  present 
below  5  per  cent,  but  ordinary  alcohol,  containing  5-10  per 
cent  of  water,  also  attacks  calcium  with  considerable  energy. 
Alcohol  absolutely  free  from  water  is  not  nearly  so  hygroscopic 
as  is  usually  supposed.  For  example,  200  cc.  of  it  were  al- 
lowed to  remain  in  an  uncovered  beaker,  exposed  to  the  air  of 
the  laboratory,  during  15  minutes;  it  was  then  found  that  the 
amount  of  water  which  had  been  absorbed  was  less  than  o.  i 
per  cent.  j-  bishop  tingle. 

Stihine  and  the  Allotropic  Varieties  of  Arsenic  and  Antimony. 
In  some  recent  papers,^  Stock  and  his  assistants  describe 
the  methods  of  preparation  and  the  general  properties  of 
several  varieties  of  arsenic  and  antimony.  As  a  pre- 
liminary to  this  work  they  made  a  very  careful  study  of  stibine,* 
which  was  obtained  by  the  action  of  hydrochloric  acid  on  an 
alloy  of  antimony  and  magnesium.  Its  physical  constants  and 
chemical  and  physiological  action  were  worked  out  in  detail. 
While  I  volume  of  water  only  dissolves  0.2  and  an  equal  volume 

»  Ber.  d.  chem.  Ges.,  37,  4572  ;  38.  3837- 
*Jbid.,37,  885. 
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of  alcohol  dissolves  15  times  its  volume  of  the  gas,  carbon  bi- 
sulphide dissolves,  at  0°,  not  less  than  250  times  its  volume  of 
stibine.  Its  most  characteristic  chemical  property  is  its  great 
instability  which,  in  some  cases,  produces  a  violent  explosion 
without  any  apparent  cause,  especially  during  the  evaporation 
of  the  liquefied  gas.  It  is  fairly  stable  for  some  hours,  at  ordi- 
nary temperatures,  if  it  is  dry  and  kept  in  clean  vessels,  but 
when  the  separation  of  the  antimony  once  begins  the  speed  of 
the  decomposition  rapidly  increases.  Moisture  as  well  as  oxy- 
gen and,  more  slowly,  air  cause  a  decomposition  of  the  stibine, 
which  is  often  complete  in  24  hours.  From  a  study  of  its 
physiological  action  it  was  concluded  that  some  of  the  state- 
ments found  in  the  literature  regarding  its  toxicological  effects 
are  entirely  erroneous.  The  pure  gas  when  inhaled  by  mice 
produced  instantaneous  death,  while  exposure,  for  an  hour,  to 
air  containing  o.oi  its  volume  of  the  stibine,  in  most  cases 
caused  death  after  shorter  or  longer  periods.  Although  the  ex- 
act nature  of  its  action  is  not  known,  it  is,  apparently,  not  due 
to  any  reaction  with  the  blood. 

The  yellow  modification  of  arsenic  was  first  observed  in 
1867,  but  very  little  could  be  obtained  owing  to  the  ease 
with  which  it  passes  over  into  the  black  variety.  Stock 
has  devised  a  method  by  which  it  is  possible  to  transform 
the  black  variety  quantitatively  into  the  yellow.  A  glass 
tube,  sealed  at  one  end,  is  filled  to  a  height  of  2  cm. 
with  "kryptol",  which  can  be  heated  by  means  of  2 
insulated  wires  that  pass  to  the  top  and  bottom  of  the 
mass  and  end  in  two  rings,  the  source  of  power  being  a 
storage  battery.  About  the  end  of  this  tube  is  placed  a  small 
beaker  containing  some  black  arsenic.  This  part  of  the  ap- 
paratus is  introduced  into  a  larger  vessel,  the  joint  being 
ground  to  make  it  air-tight.  The  whole  apparatus  is  then 
placed  in  a  double-walled  vessel  into  which  liquid  air  can  be 
introduced  to  cool  the  inner  vessel.  If,  now,  the  latter  is  ex- 
hausted and  the  kryptol  is  heated,  the  black  arsenic  is  con- 
verted into  a  vapor  and,  by  contact  with  the  walls  of  the  ves- 
sel, which  are  cooled  by  liquid  air,  is  suddenly  condensed  as 
yellow  arsenic.  The  kryptol  is  heated  to  450°  and  the  action 
is  carried  on  in  a  room  which  is  dark,  or  in  one  in  which  the 
substance  is  only  exposed  to  red  light,  as  sunlight  or  the 
ordinary  artificial  light  changes  the  yellow  variety  into  the 
black.  The  Welsbach  light  or  an  electric  light  causes  this 
conversion  slowly,  even  at  the  temperature  of  liquid  air,  while 
direct  sunlight  causes  an  instantaneous  change  if  the  vessel  is 
not  in  the  cooling  agent.  When  the  transformation  was  produced 
n  the  dark,  by  placing  the  tube  containing  the  yellow  arsenic  in 
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a  vessel  of  warm  alcohol,  there  was  no  evidence  of  any  light 
formed  during  the  change,  although  a  sharp  cracking  sound  in- 
dicated the  violence  of  the  action.  The  authors  proved  the 
identity  of  this  substance  with  that  prepared  by  Erdmann  and 
von  Unruh,  who  obtained  it  by  condensing  arsenic  vapors  in 
carbon  bisulphide  and  cooling  the  solution  until  the  yellow 
arsenic  separated  out. 

Antimony,  like  arsenic,  exists  in  a  yellow,  a  black  and  a 
metallic-gray  variety.  The  yellow  modification  can  be  ob- 
tained by  passing  oxygen  or  air  into  liquid  stibine  at  90°,  or 
by  the  action  of  chlorine  on  stibine  at  — 100°,  using  liquid 
ethane  as  the  cooling  agent.  The  substance  is  only  formed  in 
small  amounts,  and  is  even  more  unstable  than  the  yellow 
arsenic,  as  it  becomes  black  in  a  few  seconds  at  — 50°.  The 
black  variety  can  be  made  by  three  methods  :  (a)  by  the  trans- 
formation of  the  yellow  variety  ;  (6)  by  the  action  of  oxygen 
or  air  on  liquid  stibine,  at  temperatures  above  — 90°  ;  and  (c) 
by  the  rapid  cooling  of  vapors  of  ordinary  antimony.  The 
variety  obtained  by  these  methods  is  different  from  the  ordi- 
nary metallic  variety.  It  has  only  been  obtained  in  an  amor- 
phous condition,  is  more  volatile  and  has  a  lower  density 
than  the  gray,  metallic  variety.  It  is  also  more  active  chem- 
ically, as  it  is  oxidized  by  air  at  the  ordinary  temperature.  If 
the  black  variety  is  heated  to  400°  in  a  vacuum,  it  changes, 
instantaneously,  to  the  gray  variety,  the  appearance  and  den- 
sity changing  simultaneously,  the  same  result  being  produced, 
slowly,  by  heating  with  water.  The  fact  that  the  black 
variety  is  unstable  even  at  ordinary  temperatures  explains  why 
only  the  gray,  metallic  variety  is  found  in  nature.  A  sub- 
stance which  has  been  described  by  several  investigators  as 
black  antimony  is  probably  not  a  pure  material. 

The  three  elements,  antimony,  arsenic  and  phosphorus  ex- 
hibit this  interesting  relation,  that  while,  at  ordinary  tempera- 
tures, in  the  case  of  the  first  the  metallic  is  the  stable  form,  in 
the  second  it  is  the  black,  amorphous  variety,  and  with  the 
third,  in  the  absence  of  light,  the  yellow  form,  and  also  the 
red,  which  are  the  more  stable. 

In  this  connection  mention  may  be  made  of  a  recent  article 
by  Ruff  and  Graf,^  in  which  they  describe  the  method  of 
preparation  and  properties  of  arsenic  pentafluoride.  This  sub- 
stance is  quite  easily  obtained  and  is  one  of  the  most  active 
fluorides.  When  antimony  pentafluoride  and  arsenic  trifluor- 
ide  are  brought  together  at  the  temperature  of  liquid  air,  a 
crystalline  product  separates.  This  is  not  the  pentafluoride, 
but  if  bromine  is  added  a  heavy  white  vapor  is  formed,  similar 

1  Ber.  d.  chem.  Ges.,  39,  67  {1906). 
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in  appearance  to  that  of  sulphur  trioxide  in  the  air,  and  the 
mass  becomes  solid.  The  white  vapor  is  due  to  the  action  of 
moisture  on  some  of  the  vapors  of  the  arsenic  pentafluoride. 
The  reaction  can  be  expressed  by  the  following  equation  : 

2SbF,  +  AsF,  +  Br,     =     2SbF,Br  +  AsF^. 

If  a  glass  apparatus  is  used  all  the  connections  must  be 
sealed,  as  contact  with  organic  materials,  such  as  rubber,  cork 
or  grease,  on  stop-cocks  will  cause  the  formation  of  hydrofluoric 
acid.  The  apparatus  must  be  most  carefully  dried  to  remove 
all  traces  of  moisture.  In  order  to  separate  the  excess  of  bro- 
mine, the  flask  is  removed  from  the  vessel  of  liquid  air  and  is 
allowed  to  stand  until  it  reaches  the  temperature  of  the  room, 
by  which  time  all  of  the  fluoride  will  have  passed  over  into 
the  receiver,  which  is  cooled  by  liquid  air,  the  bromine  pres- 
ent in  excess  remaining  in  the  first  flask.  The  fluoride  is  a 
colorless  gas,  which  liquefies  at  — 53°  and  solidifies  at  — 80''. 
It  is  easily  soluble  in  water  and,  when  cold,  does  not  attack 
dry  glass.  If,  however,  the  glass  is  moist  or  the  substance  is 
heated,  the  glass  is  attacked  with  the  formation  of  silicon 
fluoride  and  arsenic  pentoxide.  Silicon,  when  heated  with  the 
gas,  forms  silicon  fluoride  and  arsenic.  Sulphur,  phosphorus, 
copper,  zinc,  iron  and  bismuth  are  all  acted  upon  by  the  gas  if 
heated  slightly,  while  organic  substances  react  very  readily. 

J.  E.  G. 
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Radium  and  Radio-Active  Substances.  By  Charles  Baskervii,i.e, 
Ph.D.,  Professor  of  Chemistry  and  Director  of  the  Laboratory,  College 
of  the  City  of  New  York,  formerly  of  the  University  of  North  Carolina. 
Philadelphia :  "Williams,  Brown  &  Earle.  1905.  pp.  154.  Price, 
$1.00. 

In  this  volume  the  author  has  endeavored  to  present  ' '  a  non- 
mathematical  work  on  the  subject  of  radium  and  its  applica- 
tion in  medicine,"  in  a  popular  manner.  For  all  details  he  re- 
fers the  reader  to  the  works  of  Rutherford,  Soddy  and  others. 
The  large  number  of  observations  recorded  shows  that  the 
author  has  read  the  subject  extensively  and  the  references  to 
the  journals  containing  these  would  be  of  great  service  to  the 
scientific  investigator,  but,  unfortunately,  they  are  honey- 
combed with  errors.  .  The  English  throughout  is  bad,  even  one 
well  acquainted  with  the  subject  would  have  difl&culty  in  inter- 
preting the  meaning  of  many  sentences. 

The  book  is  divided  into  two  parts,  the  first,  consisting  of  5 
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chapters,  on  the  phenomenon  and  theories  of  radio-activity,  and 
the  second  on  the  applications  of  radio-active  substances  in 
medicine.  This  latter  portion  is,  as  the  author  remarks,  a 
collection  of  observations  "  impartially  reported."  In  the 
first  section  many  glaring  mistakes  occur,  of  which  the  fol- 
lowing are  a  few:  Oii  p.  14,  referring  to  the  properties  of 
yS-rays,  he  says,  "  they  do  not  discharge  the  electroscope, 
hence  do  not  ionize  gases,"  and  p.  36,  "  the  term,  ray,  is  ap- 
plied to  a  stream  of  corpuscles."  It  is  considered  by  the  lead- 
ing physicists  that  the  X-rays  and,  possibly,  the  so-called 
^'-rays  are  pulses  in  the  ether.  Then  again,  on  p.  41,  "the 
penetration  of  the  a-emanations  as  found  is ;"  and  on  p.  72 
"  the  phenomenon"  of  the  spinthariscope  "  is  based  upon  the 
bombardment  of  the  zinc  sulphide  screen  by  the  emanations." 
Throughout  the  whole  book  the  words  ray  and  emanation  are 
used  more  or  less  synonymously.  It  is  surely  unnecessary  to 
say  that  the  emanation  from  radio-active  substances  is  well  de- 
fined and  is  quite  distinct  from  the  rays. 

Several  references  are  made  to  the  "elements"  carolinium 
and  berzelium  ;  it  is  a  pity  that  time  did  not  permit  the  author 
to  refer,  even  in  a  foot-note,  to  the  work  of  Meyer  and  Gum- 
perz,^  published  February,  1905,  which,  to  say  the  least,  ren- 
ders the  existence  of  these  substances  open  to  the  gravest 
doubt. 

The  book,  as  a  whole,  is  uninteresting,  without  the  smallest 
spark  of  originality  and  cannot  be  of  much  use.  The  proof- 
reading was  carelessly  done,  as  mistakes  in  orthography  and 
proper  arrangement  of  the  references  abound.  The  printer, 
however,  has  done  his  work  well,  the  type  and  paper  are  good 
and  the  illustrations  satisfactory.  james  barnes. 

Soils  and  Fertii.izers.  By  Harry  Snyder,  B.S.,  Professor  of  Agri- 
cultural Chemistry,  University  of  Minnesota,  and  Chemist  of  the  Min- 
nesota Experiment  Station.  Second  edition.  Easton,  Pa.  :  The  Chem- 
ical Publishing  Co.     1905.     Price,  $1.50. 

The  first  edition  of  this  book  appeared  in  1899  under  the 
title  "The  Chemistry  of  Soils  and  Fertilizers."  In  this  edi- 
tion the  author  has  made  so  many  additions  and  revisions  as  to 
materially  change  the  scope  of  the  work  and  necessitate  the 
change  of  name.  He  states  that  the  book,  as  now  presented, 
includes  all  of  the  topics  and  laboratory  practice  relating  to 
soils  as  outlined  by  the  Committee  on  Methods  of  Teaching 
Agriculture,  appointed  by  the  Association  of  Agricultural  Col- 
leges and  Experiment  Stations. 

In  very  clear  and  simple  language  Professor  Snyder  treats 

»  Ber.  d.  chem.  Ges.,  38,  817  (1905). 
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of  the  physical,  geological  and  chemical  properties  of  the  soil, 
of  nitrification,  nitrogen  of  soil,  air  and  farm  manures,  fixa- 
tion, the  different  plant  foods  and  fertilizers,  domestic  and 
commercial,  the  food  requirements  of  crops  and  rotation  and 
the  preparation  of  soil  for  crops.  The  closing  chapter  con- 
tains directions  for  laboratory  practice. 

The  book  assumes  that  the  student  has  some  knowledge  of 
elementary  chemistry.     It  is  an  excellent  manual.  E.  R. 

Researches  on  the  Affinities  of  the  EIvEments  and  on  the 
Causes  of  the  Chemicai,  Similarity  or  Dissimilarity  of  Ele- 
ments and  Compounds.  By  Geoffry  Martin,  B.Sc.  (Lond. ). 
London  :  J.  and  A.  Churchill.     1905.     Price,  I4.00. 

This  book  is  a  study  of  the  chemical  afiinities  of  the  ele- 
ments in  their  periodic  relations. 

The  author's  fundamental  proposition  is  that  the  attractive, 
or  chemical  forces  of  an  element  determine  its  chemical  prop- 
erties, i.e.,  its  chemical  reactions, its  volatiHty,  fusibility,  solu- 
bility, cohesion,  etc.,  almost  exclusively,  because  the  attrac- 
tive forces  of  the  elements  are  vastly  greater  than  any  other 
force  they  exert. 

He  has  compiled  tables  of  data  to  establish  the  relative  affini- 
ties of  each  element  for  every  other  element.  This  task  was 
only  possible,  he  says,  because  of  the  investigations  which 
have  been  carried  on  within  the  last  few  years  on  the  nitrides, 
carbides,  borides,  silicides,  etc.,  of  the  elements. 

Given  the  data  for  the  relative  affinities,  it  would  be  possible 
to  express  them  graphically  by  series  of  curves  or  by  surfaces. 
The  author  chooses  the  latter  method.  He  expresses  the  affini- 
ties of  elements  by  lines  vertical  to  a  surface.  The  affinity  of 
chlorine  for  aluminium,  for  example,  is  less  than  that  for 
sodium,  greater  than  that  for  sulphur,  and  the  vertical  lines 
expressing  these  affinities  would  have  lengths  relatively  pro- 
portional to  the  strength  of  the  affinities. 

He  takes  the  Mendeleeff  table  as  a  surface.      Supposing  it  is 
desired  to  express  the  affinities  of  chlorine  :     Erect  on  the  table  ^ 
vertical  lines  for  each  element,  placed  in  the  position  of  the  ^ 
elements  on  the  table.     The  length  of  each  vertical  is  propor-  {.^ 
tional  to  the  affinity  for  chlorine  of  the  element  which  it  repre-   "^ 
sents.     Connect  the  verticals  in  each  "  series"  of  elements  by   ^ 
a  line  passing  through  their  summits,  and  the  verticals  i^sB.,    ^ 
the  "groups,"    by  similar  lines.     The  graphical  result  for  the  "V 
affinities  of  chlorine  for  ^, 
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is  a  surface  as  shown  in  the  diagram  for  chlorine. 

The  author  now  arranges  these  surface  diagrams  in   the 
order  of  their  elements  in  MendeleefPs  table.     He  says  they 


Fig.  I. 

now  ' '  present  the  appearance  of  successive  positions  of  an  ad- 
vancing wave  whose  crest,  coming  into  the  field  of  view  on  the 
extreme  right  hand  of  the  diagram  (of  a  given  "series"), 
gradually  sweeps  from  right  to  left,  altering  its  form  contin- 
ually as  it  passes  down  the  field,  then  passing  out  of  view  on 
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the  left.  This  is  followed  by  the  appearance  of  a  new  crest  on 
the  extreme  right  (new  "  series")  of  nearly,  but  not  quite  the 
original  form,  ....  each  new  crest  heralding  the  appearance 
of  a  new  cycle  of  elements.  At  the  moment  where  the  one 
crest  passes  out  of  view  on  the  left  and  a  second  has  not  yet 
made  its  appearance  on  the  right,  we  get  an  element  of  zero 
afl&nity,  corresponding  to  the  argon  family. 

It  is  difficult  to  make  this  quite  clear  without  diagrams  of  a 


Fig.  II. 


complete  series,  which  the  space  for  a  review  will  not  permit. 
Diagrams  are  given  of  two  elements,  chlorine  and  sodium, 
which  elements  are  at  the  two  extremes  of  a  wave,  whose  crest 
is  on  the  left  of  the  chlorine  field  ;  the  wave  assumes  succes- 
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sive  positions  as  it  advances  through  the  elements  sulphur**-*- 
phosphorus  s-^  silicon  s-^  aluminium  s-»-  magnesium  »-*- 
sodium,  reaching  in  sodium  a  crest  on  the  right  of  the  field. 

The  periodicity  of  the  aflSnities  of  elements  thus  shown,  the 
author  calls  the  "  wave  law,"  and  he  claims  that  it  "explains" 
the  periodic  system.  He  believes  that  he  is  the  first  to  dis- 
cover and  point  out  these  relations. 

The  common  wording  of  the  periodic  law  is  "The  proper- 
ties of  an  element  are  periodic  functions  of  its  atomic  weight." 
Lothar  Meyer  and  Mendeleeff  included  "attraction"  or 
"affinity"  among  the  properties  of  the  elements,  as  every 
chemist  knows,  therefore,  it  seems  to  the  reviewer,  that  the 
author's  claim  is  unfounded. 

The  author  seems  to  almost  wilfully  misunderstand  things 
clear  to  others,  from  many  examples  one  will  sufiice,  he 
says  :  "  It  is  a  wide-spread  notion  that  the  molecular  weight 
exercises  a  predominating  efifect  in  determining  the  melting 
and  boiling  points  of  compounds."  Who  ever  claimed  this, 
save  in  the  case  of  homologous  series  of  carbon  compounds? 

In  brief,  the  author  so  ignores  the  work  of  others,  puts  for- 
ward such  unwarranted  pretensions  to  originality  and,  in  parts 
of  the  book  which  need  not  be  criticized  here,  indulges  in  such 
wild  speculations  that  one  would  throw  his  book  aside,  were  it 
not  for  the  redeeming  fact  that  he  has  done  a  very  meritorious 
and  extremely  laborious  piece  of  work  in  compiling  the  data 
and  building  up  the  diagrammatic  surfaces.  That  the  data  are 
as  complete  as  can  be  obtained  at  present,  that  the  main  con- 
clusions he  draws  from  his  data  are  correct  and  that  his  graphic 
surfaces  are  an  excellent  expression  of  the  periodic  law,  are 
facts  sufiScient  to  render  his  book  noteworthy  and  valuable. 


Neuere  Anschauungen  auf  DEM  Gebiete  der  Anorganischen 
Chemie.  Von  Prof.  Dr.  A.  Werner,  in  Ziirich.  Braunschweig : 
Druck  und  Verlag  von  Friedrich  Vieweg  und  Sohn.  1905.  pp.  xii  + 
189.     Price,  unbound,  M.  5  ;  bound  in  linen,  M.  5.80. 

While  the  ordinary  valence  formulas  answer  very  well  for 
most  carbon  compounds,  and  even  for  most  inorganic  com- 
pounds, there  are  many  compounds  known,  the  constitution  of 
which  cannot  be  satisfactorily  expressed  by  means  of  these 
formulas.  This  is  not  to  say  that  the  conception  of  valence  is 
useless  and  has  been  superseded  by  a  better  conception.  The 
phenomena  of  valence  are  just  as  real  as  they  ever  were,  and  it 
is  just  as  important  to  study  these  phenomena  to-day  as  it  ever 
was.  While  we  should  very  much  like  to  know  their  cause, 
we  may  study  them  without  touching  the  question  as  to  their 
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cause.  We  have  passed  the  stage  in  which  it  was  held 
that  the  elements  could  be  rigorously  classified  under 
a  few  heads  as  univalent,  bivalent,  trivalent,  etc.,  and  that, 
knowing  the  valence  of  the  elements,  the  constitution  of  the 
compounds  could  be  deduced.  But  still  we  come  face  to  face 
with  valence  in  every  compound  and  cannot  ignore  it. 

Many  efforts  have  been  made  to  enlarge  and  improve  the 
conception  of  valence  so  as  to  fit  it  to  certain  complex  com- 
pounds that  in  its  ordinary  form  it  is  not  competent  to  explain. 
Among  these  efforts  that  of  Professor  Werner  has,  perhaps,  at- 
tracted most  attention.  He  has  shown  that  the  metal-ammonia 
bases  and  the  double  salts  can  be  explained  by  an  interesting 
extension  of  the  valence  hypothesis.  His  views  have  been 
presented  in  a  number  of  articles  which  have  appeared  during 
the  past  fifteen  years  and  are  well  known  to  chemists.  Further, 
many  experimental  investigations  have  been  carried  out  with 
the  object  of  testing  certain  conclusions  to  which  Werner's 
hypothesis  leads.  This  is  not  the  place  to  discuss  the  hypothe- 
sis. It  is  suflScient  to  say  that  it  is  of  value  because  it  sug- 
gests questions  that  can  be  answered  by  experimental  means 
and  hence  it  has  contributed  and  is  contributing  to  the  advance 
of  chemistry. 

In  this  book  the  author  has  presented  his  views  systematic- 
ally and  clearly  and  has  shown  their  applicability  to  the  sub- 
ject of  constitution  in  general.  In  his  preface  he  says  :  "It 
appears  to  be  opportune  to  present  in  connected  form  the 
views  which  are  to-day  of  importance  for  the  structural  and 
spatial  conception  of  the  molecules  of  inorganic  compounds. 
We  are,  however,  thoroughly  aware  that  our  new  conceptions 
are  pictures  which,  like  every  other  scientific  hypothesis,  can 
only  serve,  as  Mach  expresses  it,  to  economize  thinking  and 
describing.  Should  these  pictures  later  be  replaced  by  better 
ones  nearer  the  truth,  they  will  at  least  have  served  to  pave 
the  way  towards  a  systematization  of  the  almost  innumerable 
facts  of  inorganic  chemistry. ' ' 

Every  chemist  ought  to  study  this  book.  It  will  not  be 
sufficient  to  read  it.  i.  R. 
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CXXIX.— ON  THE  MOLECULAR  REARRANGEMENT 

OF  UNSYMMETRICAL  DIACYLPSEUDOTHIO- 

UREAS  TO  ISOMERIC  SYMMETRICAL 

DERIVATIVES. 

By  Treat  B.  Johnson  and  George  S.  Jamieson. 

In  order  to  show  that  the  free  pseudothioureas,  I.,  are  quite 
stable  at  ordinary  temperatures,  Wheeler  and  Merriam^  treated 

H,NC(SR)  :  NH. 
I. 

pseudomethylthiourea,  in  aqueous  solution,  with  an  excess  of 
alkali  and  benzoyl  chloride.  They  obtained  an  excellent  yield 
of  benzoylpseudomethylthiourea,*  II.     It  has  also  been  shown 

C6H5CONHC(SCH3)  :  NH. 
II. 

in  papers'  from  this  laboratory  that  those  acylpseudothioureas 
which  contain   the  grouping — CONH — are  soluble  in  alkali. 

»  This  Journal,  ag,  479  (1903). 
J.  Am.  Chetn.  Soc,  23,  293  (1901). 
Wheeler  and  Johnson  :  This  Journal,  26,  410  (1901)  ;  /did.,  37,  270  (1902). 
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They  dissolve  with  formation  of  their  sodium  salts,^  which  can, 
provisionally,  be  represented  by  either  of  the  two  formulae, 
III.  and  IV.  : 

RCONNaC(SR')  :  NH     or     RC(ONa)  :  NC(SR')  :  NH. 
III.  IV. 

It  seemed  probable  to  the  writers  that  a  pseudothiourea,  I. , 
would  react,  under  proper  conditions,  with  2  molecular  pro- 
portions of  an  acid  chloride  to  give  an  unsymmetrical  diacyl- 
pseudothiourea,    V.      In   order   to   test   this   assumption   we 

(RCO),NC(SR)  :  NH. 
V. 

treated  pseudomethylthiourea,  VI.,  and  pseudoethylthiourea, 
VII.,  respectively,  in  aqueous  solution,  with  the  calculated 
quantity  of  benzoyl  chloride  and  2  molecular  proportions  of 
potassium  hydroxide.  They  reacted  smoothly  under  these 
conditions  to  give  the  expected  unsymmetrical  dibenzoyl- 
pseudomethylthiourea,  VIII.,  and  dibenzoylpseudoethylthio- 
urea,  IX.,  as  follows: 

H,NC(SCH3)  :  NH  +  2C,H,C0C1  +  2KOH     = 
VI. 

(C.H^CO.NCCSCHj)  :  NH  +  2KCI  +  2H,0. 
VIII. 

H,NC(SC,H,)  :  NH  +  2C,H,C0C1  +  2KOH     - 
VII. 

(CsH,CO),NC(SC,H,)  ;  NH  +  2KCI  +  2H,0. 
IX. 

We  now  find  that  these  two  unsymmetrical  derivatives, 
VIII.  and  IX.,  are  very  unstable.  When  their  alcoholic  solu- 
tions were  boiled,  or  when  the  compounds  were  heated  to  their 
melting  point  they  were  transformed,  smoothly,  into  the  stable, 
symmetrical  dibenzoylpseudomethylthiourea,  X.,  and  diben- 
zoylpseudoethylthiourea,  XI.  : 

I  We  find  that,  when  benzoylpseudomethylthiourea  is  warmed  in  benzene  with 
0.5  molecular  proportion  of  metallic  sodium,  it  reacts  with  evolution  of  hydrogen  to 
give  a  crystalline  sodium  salt.    We  intend  to  investigate  it  further.  x.  b.  j. 
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CeH,CONHC(SCH,)  :  NCOCeH^. 

X. 

C.HjCONHCCSC.Hs)  :  NCOC.Hs. 
XI. 

This  molecular  rearrangement  is  perfectly  analogous  to  the 
rearrangement  of  unsymmetrical  acylpseudothioureas,  XII.,  to 
their  isomeric  symmetrical  derivatives,  XIII.,  which  was  de- 
scribed by  Wheeler  and  Johnson  :' 

RCO(R)NC(SR')  :  NH     ^-^     RNHC(SR')  :  NCOR. 
XII.  XIII. 

(RCO),NC(SR')  :  NH     s-^     RCONHC(SR')  :  NCOR. 
XIV.  XV. 

These  isomeric  dibenzoylpseudothioureas,  XIV.  and  XV., 
are  sharply  distinguished  by  their  properties,  and  especially  by 
their  behavior  with  alkali  and  hydrochloric  acid.  The  labile, 
unsymmetrical  derivatives,  XIV. ,  show  the  behavior  of  triacid 
amides  and  are  decomposed  by  alkali  and  acids  with  formation 
of  benzoic  acid  and  the  corresponding  monobenzoylpseudothio- 
urea,  XVI.,  as  follows  : 

CeH,CO., 

..  >NCrSR')  :  NH  +  H,0     = 
CeH.CQ/ 

C^H.CO.H  +  C,H,CONHC(SR')  :  NH. 
XVI. 

This  behavior  with  alkali  is  of  especial  interest  when  com- 
pared with  that  of  the  labile  acylpseudothioureas,''  XII.  These 
were  decomposed  by  alkali  with  formation  of  an  acid  amide 
and  an  alkylthiocyanate,  according  to  the  following  equation  : 

RC0N(R)JC(SR')  :  NH     s^     R'SCN  +  RCONHR. 
=  XII. 

The  instability  of  the  labile  diacylpseudothioureas,  XIV. , 
towards  alkali,  explains  why  Wheeler  and  Merriam^  obtained 
monobenzoylpseudomethylthiourea  when  they  treated  pseudo- 

1  This  Journal,  27,  270  (1902). 

2  Wheeler  and  Johnson  :  Loc.  cit. 
»  Loc.  cit. 
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methylthiourea  with  benzoyl  chloride.  They  state  that  an  ex- 
cess of  alkali  was  used.  Under  these  conditions,  if  any  of  the 
dibenzoyl  derivative  was  formed,  it  would  be  decomposed  into 
benzoic  acid  and  the  monobenzoylpseudothiourea.  It  is  of  in- 
terest to  note  here  that  Stieglitz  and  McKee^  prepared  ben- 
zoylpseudomethylurea,  XVIII.,  by  treating  pseudomethyl- 
urea,  XVII.,  with  an  excess  of  alkali  and  benzoyl  chloride. 
It  seems  probable  that,  under  the  conditions  employed  in  our 
experiments,  diacyl  derivatives  will  also  be  obtained  in  this 
oxygen  series  : 

NH,C(0CH3)  :  NH     s-^      CeH,C0NHC(0CH3)  :  NH. 
XVII.  XVIII. 

The  stable  symmetrical  dibenzoylpseudothioureas,  X.  and 
XI.,  are  soluble  in  alkali  and  on  adding  acid  unaltered  ma- 
terial is  precipitated.  On  the  other  hand,  when  boiled  with 
hydrochloric  acid  they  are  decomposed  with  formation  of  mer- 
captan  and  dibenzoylurea  as  follows  : 

CeH5CONHC(SCH3)  :  NCOCgH^  +  H,0     = 

CH3SH  +  CeHsCONHCONHCOCfiHg. 

This  behavior  with  hydrochloric  acid  is  widely  different  from 
that  of  the  analogous  acylpseudothioureas.^  When  these  are 
warmed  with  hydrochloric  acid  they  are  decomposed  according 
to  the  equation  : 

CeH^CONHCCSCH.CeHJ  :  NC,H,  +  H,0     = 
XIX. 

CeH^CONHCOSCH.CeHg  +  C.H^NH,. 

The  action  of  hydrochloric  acid  on  symmetrical  diacylpseudo- 
thioureas,  XV.,  is  perfectly  analogous  to  that  of  hydrochloric 
acid  on  unsymmetrical,  XX.,  and  symmetrical,  XXI.,  acyl- 
pseudoureas  which  has  been  studied  by  Stieglitz  and  McKee' 
and  by  Wheeler  and  Johnson.*  They  are  converted  into  acyl- 
ureas  with  evolution  of  ethyl  chloride  as  follows  : 

1  This  Journal,  26,  250  (1901). 

"-  Wheeler  and  Johnson  :  Loc.  cit. 

8  Loc.  cit. 

*  This  Journal,  24,  189  (1900)  ;  27,  219  (1902). 
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RC0(R)NC(0C,H5)  :  NH     — - 
XX. 

RCO(R)NCONH,  +  C^H^Cl. 

RCONHCCOC.HJ  :  NR     ^ 
XXI. 

RCONHCONHR  +  C,H,C1. 

In  the  course  of  our  work  we  investigated  the  action  of  para- 
brombenzoyl  chloride  and  anisyl  chloride  on  pseudomethyl- 
thiourea.  In  these  two  cases  we  obtained  products  which 
were  undoubtedly  mixtures  of  the  unsymmetrical  and  sym- 
metrical diacyl  derivatives.  When  the  products  were  purified 
by  crystallization  from  alcohol  we  obtained  the  stable  dipara- 
brombenzoylpseudomethylthiourea,  XXII.,  and  dianisyl- 
pseudomethylthiourea,   XXIII.      Their  structure  was  estab- 

BrC^H.CONHCCSCHj)  :  NCOCgH.Br. 

XXII. 

CH30C,H,CONHC(SCH3)  :  NC0C,H,0CH3. 
XXIII. 

lished  by  the  fact  that  they  were  converted  into  the  corre- 
sponding diacylureas,  XXIV.  and  XXV.,  with  evolution  of 
methylmercaptan,  when  boiled  with  acids  : 

BrC,H,CONHCONHCOC,H,Br. 
XXIV. 

CHjOCeH.CONHCONHCOCeH.OCHj. 

XXV. 

EXPERIMENTAL  PART. 

Unsymmetrical  Dibenzoylpseudomethylthiourea, 
(CsH,CO),NC(SCH3)  :  NH.— Twenty-five  grams  of  the  hy- 
driodic  acid  salt  of  pseudomethylthiourea  were  dissolved  in 
cold  water  and  mixed  with  a  concentrated  solution  of  potas- 
sium hydroxide,  containing  i  molecular  proportion  of  the 
alkali  (6.4  grams).  To  the  solution  were  added,  alternately,  in 
■small  portions,  16.  i  grams  of  benzoyl  chloride  and  6.4  grams 
•of  potassium  hydroxide,  which  was  previously  dissolved  in 
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water.  The  solution  was  kept  cold  by  adding  ice  and  was 
thoroughly  shaken  after  each  addition  of  the  acid  chloride  and 
alkali.  The  diacylpseudothiourea  separated  as  a  curdy  pre- 
cipitate. After  the  odor  of  benzoyl  chloride  had  disappeared 
the  pseudothiourea  was  filtered  off  and  the  filtrate  shaken 
again  with  15  grams  of  benzoyl  chloride  and  8  grams  of  potas- 
sium hydroxide.  We  obtained  practically  as  much  more  of 
the  pseudothiourea  as  in  the  first  treatment  with  benzoyl 
chloride.  The  product  was  washed  with  water  and  then  tritu- 
rated with  ether,  to  remove  any  excess  of  benzoyl  chloride. 
It  melted  at  about  i3o°-i35°,  with  slight  evolution  of 
methylmercaptan,  solidified  again,  and  then  partially  melted  at 
i45°-i46''  to  a  semisolid,  which  gradually  decomposed  on 
heating  and  eflfervesced  violently  at  175°- 185°.  On  account 
of  the  decomposition  of  the  unsymmetrical  derivative  at  its 
melting  point,  and  the  rapid  change  into  the  symmetrical  form, 
it  was  impossible  to  obtain  a  sharp  melting  point  of  this  com- 
pound. It  is  comparatively  stable  at  ordinary  temperatures, 
and  is  not  rearranged  to  the  symmetrical  form  by  gentle  treat- 
ment with  95  per  cent  alcohol.  Some  of  the  material  that  had 
been  allowed  to  dry  in  the  air  for  20  hours  was  partially  dis- 
solved in  hot  alcohol,  and  the  solution  quickly  filtered.  The 
part  that  was  not  dissolved  showed  signs  of  melting  at  135°, 
solidified  again  and  then  partially  melted  at  146°.     Analysis  : 

Calculated  for 
C16H14O2N0S.  C9H10ON2S.  Found. 

N  9-39  14-43  9-54 

When  the  alcoholic  solution  (above)  was  quickly  cooled,  the 
unsymmetrical  pseudothiourea  deposited  in  the  form  of  needles 
and  showed  the  same  behavior  on  melting  as  the  original  ma- 
terial.    Analysis  : 


Calculated  for 
C16H14O2N2S. 

Found. 

9.39 

9.69 

N 

Behavior  with  Alkali. — The  unsymmetrical  pseudothiourea 
was  insoluble  in  alkali.  Some  of  the  urea  was  suspended  in  a 
cold,  20  per  cent  sodium  hydroxide  solution  and  allowed  to 
stand  at  ordinary  temperatures  over  night.     When  examined 
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the  next  morning,  the  pseudothiourea  had  dissolved  with  com- 
plete decomposition.  The  odor  of  methylthiocyanate  was  not 
detected/  When  the  alkaline  solution  was  acidified  with  hy- 
drochloric acid  we  obtained  a  crystalline  precipitate,  that  de- 
posited from  hot  water  in  plates  and  melted  at  120°.  It  was 
identified  as  benzoic  acid.  In  order  to  show  that,  by  the 
treatment  with  alkali,  one  benzoyl  radical  had  been  removed 
with  formation  of  benzoylpseudomethylthiourea,  the  alkaline 
solution,  after  filtering  from  benzoic  acid,  was  treated  as  fol- 
lows :  It  was  made  slightly  alkaline  with  sodium  hydroxide 
and  shaken  with  a  few  grams  of  benzoyl  chloride.  A  crystal- 
line product  was  obtained  which  was  identified  as  the  unsym- 
metrical dibenzoylpseudoraethylthiourea. 

Behavior  with  Hydrochloric  Acid. — When  the  unsymmetrical 
pseudothiourea  was  boiled  with  hydrochloric  acid  it  was  com- 
pletely decomposed.  It  dissolved  to  a  clear  solution  that  de- 
posited, on  cooling,  a  crystalline  compound  which  melted  at 
120°.  It  was  identified  as  benzoic  acid.  When  mixed  with 
pure  benzoic  acid  the  melting  point  was  not  lowered.  The  hy- 
drochloric acid  solution  was  evaporated  to  dryness,  and  an  oily 
residue  was  obtained  which  gave  a  strong  test  for  sulphur.  It 
did  not  solidify  on  long  standing  and  was  extremely  soluble  in 
alcohol.  On  account  of  the  small  amount  produced  it  was  not 
further  examined. 

Behavior  on  Heating. — Some  of  the  unsymmetrical  pseudo- 
thiourea was  heated  in  a  sulphuric  acid-bath  at  150°,  for  20 
minutes.  There  was  a  slight  evolution  of  metbylmercaptan. 
The  crude  product  obtained  did  not  show  the  same  behavior  as 
the  original  material  when  heated  in  a  capillary  tube.  It 
melted  at  i46°-i48°,  without  effervescence,  to  a  turbid  oil. 
It  crystallized  from  alcohol  in  long,  slender  needles,  which 
melted  at  i47°-i48°,  to  a  clear  oil.  A  nitrogen  determination 
agreed  with  the  calculated  for  symmetrical  dibenzoylpseudo- 
methylthiourea,  CeH^CONHCCSCHj)  :  NCOCeH^. 

Calculated  for 
CieHuOoNsS.  Found. 

N  9-39  9-35 

•  Wheeler  :  Loc.  cit. 
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This  molecular  rearrangement  also  took  place  when  an  alco- 
hol solution  of  the  unsymmetrical  pseudothiourea  was  boiled 
for  a  long  time.  The  symmetrical  derivative  deposited,  on 
cooling,  in  needles  and  melted  at  i47°-i48°,  to  a  clear  oil. 

Behavior  with  Alkali. — The  symmetrical  dibenzoylpseudo- 
methylthiourea  dissolves,  without  decomposition,  in  a  20  per 
cent  solution  of  sodium  hydroxide.  When  the  alkaline  solu- 
tion was  acidified  with  dilute  hydrochloric  acid  the  symmetrical 
derivative  was  obtained,  melting  sharply  at  i47°-i48°,  to  a 
clear  oil.     Analysis : 

Calculated  for 
C16H14O2N2S.  Found. 

N  9.39  9-3 

Behavior  with  Hydrochloric  Acid. — When  the  symmetrical 
dibenzoylpseudomethylthiourea  was  boiled  with  hydrochloric 
acid,  methylmercaptan  was  evolved  and  it  was  converted,  prac- 
tically quantitatively,  into  symmetrical  dibenzoylurea.^  It 
was  purified  for  analysis  by  crystallizing  from  acetic  acid.  It 
could  be  made  to  melt  anywhere  from  198°  to  210°,  according 
to  the  rate  of  heating  and  the  size  of  the  capillary  tube  used. 
Analysis  : 


Calculated  for 
CisHjjOgNa. 

Found. 

10.44 

10.41 

N 

Unsymmetrical  Dibenzoylpseudoethylthiourea, 
(CjH^COjNCCSC^HJ  :  NH.— This  unsymmetrical  derivative 
was  obtained  when  pseudoethylthiourea  was  treated  with  ben- 
zoyl chloride,  under  the  same  conditions  as  in  the  preparation 
of  the  corresponding  dibenzoylpseudomethylthiourea.  We 
used  the  following  proportions  :  Fifteen  grams  of  the  hydro- 
bromic  acid  salt  of  pseudoethylthiourea,  22.6  grams  of  benzoyl 
chloride  and  15.7  grams  of  potassium  hydroxide.  The  reac- 
tion was  perfectly  smooth  and  the  unsymmetrical  derivative 
separated  as  an  oil,  which  finally  solidified,  on  continuous 
agitation.  It  was  washed  with  cold  alcohol  and  ether,  and 
allowed  to  dry  in  the  air.     It  partially  melted  at  104 ^-los®,. 

1  Schmidt :  J.  prakt.  Chem.,  [a],  5,  58. 


Unsymmetrical  Diacylpseudothioureas.  305 

then  completely  solidified  in  the  capillary  tube  and  melted,  at 
110°,  to  a  clear  oil,  without  effervescence.     Analysis  : 


Calculated  for 
CnHieOiiNsS. 

Found. 

8.97 

8.97 

N 

Behavior  with  Alkali. — The  unsymmetrical  pseudothiourea 
was  insoluble  in  a  solution  of  sodium  hydroxide.  When  the 
alkaline  solution  was  warmed  the  pseudothiourea  was  decom- 
posed, with  formation  of  benzoic  acid  and  monobenzoylpseudo- 
ethylthiourea.  The  benzoic  acid  was  identified  by  its  melting 
point,  120°.  The  monobenzoylpseudoethylthiourea  separated 
as  an  oil  which  would  not  solidify. 

Behavior  with  Hydrochloric  Acid. — Some  of  the  unsymmetrical 
pseudothiourea  was  boiled  with  20  per  cent  hydrochloric  acid, 
for  15  minutes.  There  was  immediate  decomposition,  with 
formation  of  a  crystalline  product  and  an  oil.  The  oil  did  not 
solidify  on  cooling  and  was,  undoubtedly,  monobenzoylpseudo- 
ethylthiourea. The  crystalline  material  was  filtered  off  and 
treated  with  a  dilute  solution  of  sodium  hydroxide.  A  small 
proportion  did  not  dissolve  at  once  in  the  alkali  and  it  was 
separated  by  filtration.  It  melted  at  1 10°  and  was  identified^ 
as  symmetrical  dibenzoylpseudoethylthiourea  (see  below) .  Its 
presence  here  is  probably  due  to  the  fact  that  the  unsym- 
metrical pseudothiourea  was  partially  rearranged  by  the  warm 
acid  solution,  before  being  decomposed  by  the  hydrochloric 
acid.  When  the  alkaline  solution  was  acidified  with  hydro- 
chloric acid  we  obtained  an  immediate  precipitate  of  benzoic 
acid,  which  melted  sharply  at  120°. 

Behavior  on  Heating. — The  unsymmetrical  derivative  is  re- 
arranged at  its  melting  point  into  symmetrical  dibenzoylpseudo- 
ethylthiourea, CeHjCONHCCSC.Hg)  :  NCOCeHj.  This  sym- 
metrical derivative  was  also  easily  obtained  when  the  labile 
modification  was  crystallized  from  95  per  cent  alcohol.  It  de- 
posited in  needles  which  melted,  at  iio°-iii°,  to  a  clear  oil. 
Analysis  : 


N 


Calculated  for 
Ci7H,50jNjS. 

Found. 

8.97 

9.21 
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Behavior  with  Alkali. — The  symmetrical  dibenzoylpseudo- 
ethylthiourea  is  a  weak  acid.  It  gradually  dissolved  in  an  ex- 
cess of  cold,  20  per  cent  sodium  hydroxide  to  a  clear  solution. 
When  the  alkaline  solution  was  carefully  neutralized  with  hy- 
drochloric acid,  the  symmetrical  derivative  was  recovered  un- 
altered.    It  melted  sharply  at  1 10°,  to  a  clear  oil. 

Behavior  with  Hydrochloric  Acid. — When  the  symmetrical 
dibenzoylpseudoethylthiourea  was  boiled  for  a  long  time  with 
hydrochloric  acid,  ethylmercaptan  was  evolved,  and  it  was 
converted,  quantitatively,  into  symmetrical  dibenzoylurea. 

Symmetrical  Diparabrombenzoylpseudomethylthiourea , 
BrCeH.CONHCCSCHj)  :  NCOCeH.Br.— To  an  aqueous  solu- 
tion of  10  grams  of  the  hydriodic  acid  salt  of  pseudomethylthio- 
urea  was  added  a  saturated  solution  of  potassium  hydroxide, 
containing  7.6  grams  of  the  alkali.  The  alkaline  solution  was 
then  mixed  with  20.1  grams  of  parabrombenzoyl  chloride, 
which  was  previously  dissolved  in  benzene.  The  first  addi- 
tion of  acid  chloride  produced  a  bulky,  gelatinous  precipitate. 
This  gradually  assumed  a  granular  appearance  as  we  continued 
to  add  the  chloride,  and  the  solution  was  thoroughly  agitated. 
The  crystalline  product  was  washed  with  alcohol  and  dried  at 
ordinary  temperatures,  in  the  atmosphere.  It  melted,  when 
rapidly  heated,  at  i75°-i77°,  with  some  eflfervescence.  This 
effervescence  suggested  the  presence  of  some  unsym metrical 
diparabrombenzoylpseudomethylthiourea.  The  material  de- 
posited from  hot,  95  per  cent  alcohol  in  needles,  that  melted 
at  178°,  with  slight  effervescence,  to  a  turbid  oil.     Analysis  : 

Calculated  for 
Ci(sHi202NjBr2S.  Found. 

N  6.14  6.17 

Behavior  on  Heating. — Some  of  the  crude  diparabrombenzoyl- 
pseudomethylthiourea  was  heated  in  a  sulphuric  acid-bath  for 
I  hour,  at  175°.  It  melted  to  a  turbid  oil  and  very  little 
ethylmercaptan  was  evolved.  The  oil  solidified  at  once,  on 
cooling,  to  a  crystalline  mass,  which  deposited  from  hot  alco- 
hol in  needles.  They  melted  at  177°-! 78°  to  a  turbid  oil,  with 
only  slight  effervescence.     When  some  of  this  material  was 
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mixed  with  the  crude  diparabrombenzoylpseudomethylthio- 
urea,  melting  at  i75°-i77°,  the  mixture  melted  at  the  same 
temperature,  1 75°-i 77°.     Analysis: 


Calculated  for 

CisHizOjNoBrjS. 

Found. 

6.14 

6.21 

N 

Behavior  with  Alkali.  —  Diparabrombenzoylpseudomethyl- 
thiourea  did  not  show  the  same  behavior  towards  sodium 
hydroxide  as  the  dibenzoylpseudothioureas  previously  de- 
scribed. We  could  not  conclude  from  its  behavior  towards 
alkali  whether  we  were  dealing  with  an  unsymmetrical  or  a 
symmetrical  derivative.  It  apparently  underwent  complete 
decomposition.  The  only  product  isolated  in  a  state  of  purity 
was  parabrombenzoic  acid,  melting  at  25o°-25i°.  The  crude 
material,  melting  at  i75*'-i77°,  showed  the  same  behavior 
towards  alkali  as  did  the  pure  crystallized  material  obtained 
after  heating  for  i  hour,  at  175°. 

Behavior  towards  Hydrochloric  Acid. — The  pseudothiourea 
was  very  stable  in  presence  of  acids.  It  was  recovered  unal- 
tered after  boiling  with  hydrochloric  acid  for  a  long  time. 
When  it  was  boiled  with  hydrobromic  acid  it  behaved  as  a' 
symmetrical  derivative.  The  crude  product,  melting  at  175°- 
177°,  and  the  material  obtained  after  heating  in  a  sulphuric 
acid  bath  at  175°,  were  both  converted,  practically  quantita- 
tively, into  symmetrical  diparabrombenzoylurea,  with  evolution 
of  methylmercaptan.  It  was  difl&cultly  soluble  in  alcohol  and 
acetic  acid  and  decomposed,  with  eflfervescence,  at  228°-233°, 
according  to  the  rate  of  heating.     Analysis  : 


Calculated  for 

CisHioOaNsBra. 

Found. 

6.57 

6.47 

N 

Parabrombenzoylurea,  BrCjH^CONHCONH,.— This  urea  was 
prepared  by  heating  3  grams  of  parabrombenzoyl  chloride  with 
0.8  gram  of  urea  at  i5o°-!55°,  for  2.5  hours.  It  was  difl&cultly 
soluble  in  alcohol  and  water.  It  deposited  from  water  in 
microscopic  crystals  that  melted  at  236°-237°,  with  eflferves- 
cence.    Analysis  : 
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CeHvOaNjBr. 

Found. 

11.52 

11.48 

N 

Paramethoxyhenzoylpseudomethylthiourea, 
CHaOCeH.CONHCCSCHj)  :  NH.— This  pseudothiourea  was- 
prepared  as  follows  :  Ten  grams  of  the  hydriodic  acid  salt  of 
pseudomethylthiourea  were  dissolved  in  water,  with  an  excess 
of  potassium  hydroxide.  To  this  alkaline  solution  was  then 
added  a  benzene  solution  of  7.8  grams  of  anisyl  chloride.  The 
reaction  proceeded  slowly,  and  it  was  necessary  to  shake  for  a 
long  time  before  the  odor  of  anisyl  chloride  disappeared. 
SuflBcient  benzene  was  added  to  dissolve  all  the  pseudourea 
formed.  After  the  reaction  was  complete  the  benzene  solution 
was  dried  over  calcium  chloride,  and  then  allowed  to  evaporate 
spontaneously.  We  obtained  a  beautiful  deposit  of  colorless, 
slender  prisms  that  melted,  at  io3''-io5°,  to  a  colorless  oil. 
They  were  very  soluble  in  alcohol.     Analysis  : 

Calculated  for 
C10H10O2N2S.  Found. 

N  12.50  12.45 

Symmetrical  Diparamethoxybenzoylpseudomethylthiourea, 
CH30CeH,CONHC(SCH3)  :  NCOCeH^OCH,.— When  pseudo- 
methylthiourea was  treated,  in  aqueous  solution,  with  2  molec- 
ular proportions  of  anisyl  chloride  and  the  calculated  quantity 
of  potassium  hydroxide,  it  reacted  to  form  a  crystalline 
product  that  partially  melted  and  decomposed  at  i45°-i50°. 
This  material  was  very  impure,  and  was  probably  a  mixture  of 
the  monoanisylpseudothiourea  and  the  unsymmetrical  and 
symmetrical  dianisylpseudothioureas.  Some  of  the  substance 
was  dissolved  in  warm  alcohol.  On  cooling,  needles  deposited 
which  melted  sharply,  to  a  clear  oil,  at  i59°-i6o°.     Analysis  : 


Calculated  for 
C18HJ8O4N2S. 

Found. 

7.82 

7.91 

N 

Behavior  with  Hydrochloric  Acid. — When  the  symmetrical 
pseudothiourea,  melting  at  159°-!  60°,  was  boiled  with  hydro- 
chloric acid,  mercaptan  was  evolved.  It  was  converted,  quan- 
titatively, into  dianisylurea  that  melted  at  205°-207°,  with  de^ 
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composition.     The   urea   was    difl&cultly   soluble   in    alcohol^ 
water  and  acetic  acid.     Analysis  : 


Calculated  for 

Ci,Hi605Ng. 

Found. 

8.58 

8.37 

N 

When  the  crude  material,  melting  at  145°-!  50°,  was  boiled 
with  hydrochloric  acid,  we  obtained  a  large  amount  of  dianisyl- 
urea,  melting  at  205°-207°.  Accompanying  this  urea  was  also 
a  small  amount  of  crystalline  material  which  melted  at  170°- 
lyS**-     This  was  not  examined. 

New  Haven,  Conn., 
January  3,  1906. 


SOME  NEW  APPARATUS. 

By  S.  F.  Agree. 

A  New  Form  of  Alkali  Apparatus. 

The  only  excuse  for  adding  another  alkali  apparatus  to  the 
large  number  already  before  the  chemical  world  is  the  fact  that 
not  one  of  those  on  the  market  absorbs  carbon  dioxide  rapidly 
enough  to  enable  us  to  make  combustions  accurately,  in  the 
common  form  of  furnace,  within  the  period  of  i  hour.  At  the 
beginning  and  end  of  the  combustion  the  carbon  dioxide  is 
greatly  diluted  with  air  or  oxygen,  and  when  this  mixture  is 
passed  rapidly  through  the  alkali  apparatus,  some  of  the  car- 
bon dioxide  may  escape  the  solvent  action  of  the  alkali  solu- 
tion. In  the  analysis  of  many  compounds  the  burning  must 
be  done  slowly,  and  in  such  cases  the  absorption  of  the  carbon 
dioxide  in  the  alkali  apparatus  is  nearly  complete.  But  in  the 
analysis  of  substances  which  burn  very  smoothly,  the  writer 
has  found  that  the  great  loss  of  time  is  that  required,  not  for 
burning  the  substance,  but  for  the  complete  collection  of  the 
carbon  dioxide.  Morse  and  Taylor,^  however,  have  devised  a 
combustion  furnace  in  which  the  products  of  combustion  are 
very  little  diluted  with  air  and  oxygen  and,  as  a  consequence, 
the  carbon  dioxide  is  much  more  nearly  completely  absorbed 
by  any  of  the  common  forms  of  alkali  apparatus  in  a  shorter 

I  This  Journal,  33,  591. 


3IO 


Acree. 


time.     Any  improvement  in  the  efficiency  of  an  alkali  appara- 
tus is,  consequently,  of  great  value. 

The  writer  has,  therefore,  made  use  of  the  stability  of  the  Soxh- 
let  alkali  apparatus  and  the  fine  absorptive  efficiency  of  glass 
wool,  saturated  with  potassium  hydroxide  solution,  as  exhibi- 
ted in  the  Wetzel^  apparatus  and  has  had  one  constructed  ac- 
cording to  Fig.  I.     The  outer  vessel  contains  two  inner  bulbs, 


Fig.  I. 


B  and  D,  connected  as  in  Soxhlet's  apparatus.  These  bulbs 
are  filled  with  glass  wool.  Four  small  glass  projections,  E, 
extend  from  the  lower  bulb  nearly  to  the  wall  of  the  outer  ves- 
sel ;  these  serve  to  hold  fast  the  glass  wool  C,  which  is  wound 
around  the  bulbs  B  and  D.  The  calcium  chloride  tube,  with  a 
ground-glass  joint  at  A,  completes  the  apparatus.  When  the 
potassium  hydroxide  solution  is  introduced  into  the  vessel,  the 
glass  wool  inside  and  outside  the  bulbs  becomes  saturated  at 
once  with  the  liquid  ;  the  mixture  of  gases  from  the  combus- 
tion tube  must  filter  through  all  this  glass  wool  and  is  exposed 
to  such  a  large  surface  of  alkali  solution  that  the  carbon  di- 
oxide is  practically  completely  absorbed. 

The  apparatus  can  be  made  in  any  size  desired.     The  writer 
uses  one  4^  inches  high  and   if  inches  in  diameter.     When 

>  Ber.  d.  chem.  Ges.,  36,  161. 
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filled  with  50  per  cent  potassium  hydroxide  solution,  so  that 
the  glass  wool  is  saturated  and  the  exit  tube  from  the  lower 
bulb  dips  into  the  liquid  F,  the  apparatus  weighs  60-65  grams. 
Not  only  is  the  absorption  very  good,  but  the  apparatus  is  sim- 
ple and  is  not  easily  broken,  a  very  important  point  with  the 
student  beginning  combustion  work.  The  writer  has  made  8 
combustions  in  one  furnace,  in  a  continuous  period  of  12  hours, 
by  using  2  absorption  apparatus. 

The  efiSciency  is  illustrated  by  the  following  tests  :  During 
a  period  of  15  minutes  nearly  pure  carbon  dioxide  was  passed 
into  2  of  these  potash  bulbs  in  series  ;  the  first  one  increased 
in  weight  nearly  i  gram,  but  the  second  did  not  gain  as  much 
as  o.  10  milligram.  A  second  experiment  was  made  by  passing 
a  stream  of  gas,  consisting  of  one-third  carbon  dioxide  and  two- 
thirds  air,  through  the  series  ;  the  first  apparatus  gained  0.20 
gram,  but  the  second  one  less  than  o.  10  milligram.  A  large 
number  of  combustions  have  been  made  in  periods  of  time 
varying  from  30  minutes  to  i  hour,  the  results,  in  general,  be- 
ing very  satisfactory.  The  writer  feels  that  the  apparatus  can 
be  relied  upon  to  absorb  the  carbon  dioxide  as  rapidly  as  sub- 
stances can  be  safely  and  completely  burned  in  any  combustion 
furnace. 

A  Porcelain  Lined  Bomb  for  General  Laboratory  Use. 

This  bomb  has  been  found  to  be  of  such  general  service  in 
the  laboratory  that  the  writer  wishes  to  let  others  know  of  its 
usefulness. 

In  Fig.  II.  the  bomb  E,  is  made  of  soft  steel,  tested  to  250 
atmospheres  water  pressure  ;  the  wall  is  approximately  |  inch 
thick.  The  white  porcelain  lining  F,  has  a  thickness  of  ^ 
inch  and  can  be  made  of  acid-proof  or  alkali-proof  material ; 
it  covers  the  entire  inner  surface  up  to  the  threads  at  the  neck 
of  the  bomb.  The  stopper  B,  is  made  of  hard  bronze,  has  a 
square  head  and  screws  into  the  neck  of  the  bomb  with  heavy 
threads.  The  ring  C,  which  is  made  either  of  very  hard  rub- 
ber or  of  lead,  makes  a  gas-tight  joint  when  the  stopper  is 
screwed  down  firmly.  The  valve  consists  of  the  hand-wheel  I, 
attached  to  the  screw  A,  on  a  square  head.     The  screw  fits 
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into  the  stopper  with  gas-tight  threads  and  packing,  shown 
only  roughly  in  the  figure.  The  screw  has  a  tip  D,  that  can 
be  made  of  very  hard  rubber  or  of  lead  ;  this  closes  the  open- 


Fig.  II. 


ing  into  the  bomb  so  that  liquid  carbon  dioxide  cannot  escape 
from  the  apparatus.  If  it  is  desired,  this  tip  D,  can  be  re- 
placed by  one  of  the  needle  valve  style.  The  inlet  (outlet)  G, 
has  a  cap  and  is  threaded  to  fit  carbon  dioxide  cylinders  ;  this 
threading  can,  of  course,  be  made  to  order.  The  bomb  rests 
in  a  ring  base  H,  which  can  be  removed  readily. 

The  apparatus  can  be  made  in  any  size.  The  ones  in  use  in 
this  laboratory  are  about  lo  inches  in  total  height,  3  inches  in 
outside  diameter,  and  hold  430  cc.  The  mouth  is  iJ^  inches  in 
diameter  and  allows  the  easy  introduction  or  removal  of  the 
substances  to  be  used  in  the  bomb. 

The  writer  had  this  form  of  bomb  made  for  use  in  experi- 
ments in  which  dry,  liquid  carbon  dioxide  was  allowed  to  re- 
act with  other  substances  in  absolute  ether.  A  piece  of 
Manasse  steel  tubing,  i  inch  outer  diameter  and  2  feet  long, 
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properly  threaded  and  tested  to  100  atmospheres  gas  pressure, 
is  used  to  connect  the  bomb  to  the  carbon  dioxide  cylinder. 
This  steel  tube  is  filled  with  a  long  layer  of  calcium  chloride 
next  to  the  cylinder  and  a  short  layer  of  phosphorus  pentoxide 
next  to  the  bomb.  When  the  bomb  is  cooled  with  salt  and  ice 
100  grams  of  carbon  dioxide  can  be  introduced  into  it  in  10 
minutes,  and  the  liquid  is  so  nearly  free  from  water  that  bright 
sodium  wire  is  hardly  affected  by  it  in  a  week.  When  closed 
tightly,  the  bomb  has  stood  2  months,  containing  100  grams  of 
liquid  carbon  dioxide,  without  losing  i  gram. 

The  use  of  ether  in  the  apparatus  for  i  year  has  not  appre- 
ciably affected  the  hard  rubber  ring  and  tip  C  and  D,  but  it  is 
certainly  preferable  to  have  these  made  of  lead  if  organic  sol- 
vents are  to  be  used  in  the  bomb,  or  if  the  apparatus  is  to  be 
subjected  to  high  temperatures. 

It  is  evident  that  such  a  bomb  is  very  serviceable  for 
storing  small  quantities  of  gases,  such  as  sulphur  dioxide,  am- 
monia, etc.,  that  liquefy  only  under  pressure  or  at  low  tem- 
peratures. The  apparatus  is  convenient  for  use  in  the  study 
of  reactions  in  which  gases  are  liberated ;  they  can  be  drawn  off 
at  will  and  examined. 

The  bomb  has  proved  to  be  especially  serviceable  in 
place  of  sealed  tubes.  The  substances  which  are  to  react  are 
introduced  into  the  bomb,  which  is  closed  by  means  of  a  vise 
and  a  wrench.  The  heating  is  carried  out  in  a  water-  or  oil- 
bath.  Substances  which  it  is  desired  to  mix  in  the  bomb, 
after  the  latter  has  been  closed,  may  be  placed,  in  the  usual 
manner,  in  thin-walled  glass  tubes,  which  are  subsequently 
broken. 

Apparatus  for  Rapid  Precipitations  in  Electrolytic  Analysis. 

The  apparatus  is  shown  in  Fig.  III.  K  is  a  round,  plati- 
num gauze  electrode,  2.5  inches  in  diameter.  It  consists  of  an 
outer  ring  forming  one  piece  with  the  arm  G,  and  an  inner, 
removable  ring  which  holds  the  gauze  in  position.  The  two 
rings  can  be  held  firmly  together  by  means  of  fine  platinum 
wire  or  4  small  drops  of  gold  ;  it  was  found  that  the  gold  was 
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hardly  aflfected  by  the  solutions.  The  gauze  is  made  of  num- 
ber 30  platinum  wire,  and  there  are  50  meshes  to  the  linear 
inch.     The  arm  G,  is  of  number  16  platinum  wire  and  is  held 


Fig.  III. 


in  position  by  a  binding  post  attached  to  the  glass  rod  F, 
The  electrode  K,  is  kept  ^  inch  from  the  bottom  of  the 
beaker  H,  and  supports  the  glass  cylinder  I,  which  has  the 
same  diameter  as  K,  and,  therefore,  rests  on  the  outer  ring  of 
K.  The  cylinder  I,  is  completely  submerged,  the  upper  edge 
being  at  least  \  inch  under  the  surface  of  the  liquid.  It  is 
better  to  have  several  cylinders  I,  of  various  heights,  to  corre- 
spond to  different  volumes  of  liquid  to  be  electrolyzed.  The 
rotating,  propeller-like  electrode  J,  is  made  of  heavy  platinum 
foil  and  is  riveted  to  the  platinum  rod  K.  E  is  sealed  into  the 
glass  tube  C,  which  is  rotated  in  the  glass  tube  B,  by  means  of 
the  pulley  A,  and  a  Rabe  water  turbine  or  a  small  electric 
motor.  A  platinum  strip  or  a  number  16  wire  D,  brushes 
against  E,  under  the  solution,  and  is  connected  to  a  binding 
post  on  F  ;  this  contact  between  D  and  E  is  excellent.  The 
distance  between  K  and  J  depends  entirely  upon  the  required 
voltage  and  the  strength  of  the  current  to  be  used,  and  can  be 
regulated  at  will.     The  beaker  H,  rests  on  the  base  of  the 
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stand,  or  upon  an  asbestos  board  on  a  ring  fitted  to  F  if  the 
solution  is  to  be  heated  by  a  small  burner. 

The  new  and  important  feature  of  this  apparatus  is  that  the 
rotating  disk  J,  forces  all  of  the  solution  downward  through 
the  gauze  K,  up  between  the  walls  of  H  and  I,  and  back  down 
through  K  again.  All  of  the  liquid  is  thus  brought  close  to 
the  electrode  K,  as  frequently  as  is  wished. 

At  the  end  of  the  analysis  the  rotation  of  J  is  stopped,  but 
the  passage  of  the  current  continued  ;  the  liquid  is  siphoned 
out  between  H  and  I,  while  distilled  water,  or  any  other  de- 
sired liquid,  is  poured  into  I.  In  this  way  the  electrolyzed 
solution  is  easily  removed  without  danger  of  the  loss  of  the 
precipitated  metal. 

The  conditions  of  voltage,  current,  temperature,  etc. ,  used 
in  this  apparatus  are  essentially  those  given  in  any  good  text- 
book, such  as  Classen's  "  Electrolytic  Analysis." 

This  form  of  electrolytic  apparatus  was  first  made  and  used 
by  the  writer  in  the  University  of  Utah,  in  1901.  At  that 
time  Perkin's^  article  describing  his  use  of  gauze  electrodes 
had  not  appeared.  The  one  described  above  is  as  simple  in 
construction  as  any  illustrated  by  Perkin,  and  has  the  decided 
advantage  that  the  rotating  electrode  has  excellent  electrical 
contact  without  recourse  to  the  expensive  rotator  used  by 
him.  The  most  important  feature  of  this  apparatus, 
however,  and  one  which  differentiates  it  from  any  yet  de- 
scribed, is  that  all  of  the  solution  to  be  electrolyzed  is  forced 
by  the  rotating  electrode  into  contact  with  the  gauze  as  often 
as  is  wished,  and  the  metal  is  more  rapidly  precipitated. 

The  apparatus  has  proved  to  be  of  great  service  in  the  rapid 
estimation  of  all  the  common  metals,  such  as  copper,  silver, 
etc.,  and  is  especially  useful  in  those  analyses  in  which  a  me- 
tallic oxide — that  of  lead  or  of  molybdenum'' — is  precipitated 
on  the  gauze.  Analyses  have  often  been  made  in  30  minutes 
in  this  apparatus,  whereas  the  duplicate,  electrolyzed  in  a 
beaker  with  a  platinum  cone  or  in  a  platinum  dish,  required 
1-2   hours.      Copper  and   lead  dioxide  are   precipitated    on 

I  Chem.  News,  88,  102. 

»  Smith  and  KoUock  :  J.  Am.  Chem.  Soc,  23,  669. 
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K  in  a  hard  coating,  and  very  rarely  in  the  spongy  layer  so 
often  formed  on  a  dish  when  the  analysis  is  made  too  rapidly. 
The  apparatus  has  proved  to  be  as  satisfactory  in  the  hands  of 
students,  as  regards  accuracy  of  analysis,  as  platinum  dishes, 
and  a  great  saving  of  time  is  effected.  The  electrode  is  easily 
cleaned,  dried  and  weighed,  and  the  gauze  is  not  readily  in- 
jured. The  cost  is  very  much  less  than  that  of  a  platinum 
dish  of  I  GO  cc.  capacity.  The  use  of  this  electrode  is  especially 
advantageous  with  dilute  solutions  ;  the  liquid  can  be  elec- 
trolyzed  directly,  without  evaporating  it  to  the  small  volume 
necessary  when  dishes  are  used. 

In  the  analysis  of  lead  solutions  it  was  found  better  to  slip  a 
piece  of  narrow,  thin  glass  tubing,  nearly  the  length  of  G, 
over  this  arm  and  fuse  it  to  G  close  to  K  ;  in  this  way  the 
precipitate  was  confined  to  K  and  the  lead  dioxide  was  after- 
wards dried  by  heating  the  electrode  at  180°,  in  a  beaker. 

Any  of  the  pieces  of  apparatus  described  in  this  paper  can 
be  purchased  from  Messrs  Eimer  and  Amend. 

Johns  Hopkins  University, 
January  i,  1906. 


ON  THE  FORMATION   OF  ALCOHOLATES   BY  CER- 
TAIN SAI.TS  IN  SOLUTION  IN  METHYL 
AND  ETHYL  ALCOHOLS. 

[fifteenth  communication.] 

By  Harry  C.  Jones  and  LeRoy  McMaster. 

It  was  shown  by  Jones  and  Getman'  that  a  large  number  of 
salts  have  the  power  to  combine  with  water  when  dissolved  in 
that  solvent.  Indeed,  this  property  is  possessed  by  salts  in 
general,  although  in  very  different  degrees.  Those  salts  that 
have  the  greatest  power  to  combine  with  water  as  water  of 
crystallization;  have,  as  a  rule,  the  greatest  power  to  combine 
with  water  in  aqueous  solution. 

Having  established  this  fact  in  aqueous  solutions,  the  ques- 
tion naturally  arose,  do  salts  have  the  power  to  combine  with 

1  This  Journal,  31,  303  (1904)- 
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any  solvent  other  than  water  when  dissolved  in  the  solvent  in 
question  ? 

To  throw  light  on  this  point,  some  work  was  carried  out  by 
Jones  and  Getman/  using  ethyl  alcohol  as  the  solvent,  and 
lithium  chloride  and  nitrate,  and  calcium  nitrate  as  the  dis- 
solved substances.  In  still  earlier  work  Jones  and  Getman* 
used  ethyl  alcohol  as  the  solvent,  and  potassium  iodide,  sodium 
iodide,  ammonium  iodide,  cadmium  iodide  and  sodium  bromide 
as  the  dissolved  substances. 

The  results  show,  in  general,  that  the  molecular  rise  of  the 
boiling  point  of  the  solvent  produced  by  the  dissolved  sub- 
stance is  greater  than  the  theoretical  molecular  rise  for  ethyl 
alcohol,  either  as  found  by  direct  experiment  in  dilute  solu- 
tions of  non-electrolytes  in  the  solvent  in  question,  or  as  calcu- 
lated by  the  equation 


2T* 


100  L 


In  a  number  of  the  above  cases  very  marked  diflFerences 
manifest  themselves — differences  which  are  far  too  large  to  be 
accounted  for  on  the  basis  of  the  dissociation  of  the  dissolved 
substance. 

Take  the  case  of  lithium  chloride  in  ethyl  alcohol,  as  worked 
out  by  Jones  and  Getman.'  The  molecular  rise  of  the  boiling 
point  is  not  only  greater  than  the  theoretical  rise  at  nearly  all 
of  the  concentrations  employed,  taking  into  account,  of  course, 
the  dissociation  ;  but  the  molecular  rise  increases  rapidly  with 
the  concentration  of  the  solution.  Thus  from  0.07  N  to  2.07  N 
the  molecular  rise  of  the  boiling  point  produced  by  lithium 
chloride  increases,  with  a  fair  degree  of  regularity,  from  1.28  to 
2.43.  As  the  concentration  of  the  solution  increases  the  dis- 
sociation, of  course,  decreases,  and  this  would  tend  to  cause 
the  molecular  rise  to  decrease  with  increasing  concentration. 

1  This  Journal,  3a,  338  (1904). 
^  Ibid.,  31,  338  (1904)- 
»/bid.,3i,  339(1904). 
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Notwithstanding  this  influence,  we  have  just  seen  that  the 
molecular  rise  increases  rapidly  with  increase  in  the  concen- 
tration of  the  solution.  Since,  in  the  preparation  of  the  solu- 
tions, both  solvent  and  dissolved  substance  were  taken  in 
weighed  quantities,  the  question  of  the  change  in  the  specific 
gravity  of  the  solutions  does  not  come  into  play. 

Jones  and  Getman^  interpreted  their  results  by  the  boiling 
point  method,  in  ethyl  alcohol  as  the  solvent,  in  the  same 
manner  that  they  had  previously  interpreted  their  results  by 
the  freezing  point  method  in  aqueous  solutions.  The  abnor- 
mally great  rise  in  the  boiling  point  of  ethyl  alcohol,  produced 
by  certain  salts,  was  due  to  combination  between  the  dis- 
solved substance  and  part  of  the  solvent — to  the  formation  of 
alcoholates  in  solution.  The  part  of  the  alcohol  which  was  in 
combination  with  the  dissolved  substance  would  thus  be  re- 
moved from  the  field  of  action  as  far  as  solvent  is  concerned. 
There  being  less  alcohol  present  acting  as  solvent,  the  rise  in 
the  boiling  point  produced  by  the  dissolved  substance  would 
be,  of  course,  greater  than  if  all  the  alcohol  was  playing  the 
r61e  of  solvent. 

This  suggestion  accounts  for  the  facts  in  the  case  of  solu- 
tions in  alcohol,  just  as  the  hydrate  theory  had  explained  the 
abnormally  great  lowering  of  the  freezing  point  of  water  pro- 
duced by  a  large  number  of  salts,  especially  when  the  concen- 
trations were  great. 

The  object  of  the  present  investigation  is  to  extend  the 
earlier  work  of  Jones  and  Getman  to  a  larger  number  of  salts, 
and  to  more  than  one  non-aqueous  solvent.  We  have  repeated 
the  work,  in  ethyl  alcohol,  with  a  few  of  the  same  substances 
that  were  employed  by  Jones  and  Getman,  and  have  added  a 
number  of  others  to  the  list  of  those  that  were  earlier  studied. 

We  have  worked  with  lithium  chloride,  lithium  bromide  and 
lithium  nitrate  in  methyl  alcohol ;  and  with  lithium  chloride, 
lithium  bromide,  lithium  nitrate  and  calcium  nitrate  in  ethyl 
alcohol. 

In  making  the  boiling  point  measurements,  the  boiling  point 
apparatus  of  Jones'*  was  employed.     In  order  to  be  independent 

1  This  Journal,  3a,  342  (1904). 
^  Ibid.,  19,581  (1897). 


Formation  of  Alcoholates.  319 

of  correction  for  changes  in  the  barometer,  two  pieces  of  boil- 
ing point  apparatus  were  used.  In  one  of  these  the  pure  sol- 
vent was  boiled  and  in  the  other  the  solution. 

The  alcohols  used  in  this  work  were  dehydrated  by  the 
usual  methods,  and  care  was  taken  to  keep  them  free  from 
moisture  when  transferred  to  the  boiling  point  apparatus. 
The  conductivity  of  the  methyl  alcohol,  at  25°,  was  2  X  io~^, 
and  that  of  the  ethyl  alcohol  from  i  to  2  X  io~^.  The  salts 
were  all  completely  freed  from  water. 

The  usual  precautions  were  taken  in  making  the  boiling 
point  measurements,  and  the  proper  correction  applied  for  the 
solvent  that  existed  in  the  apparatus  in  the  form  of  vapor. 
The  top  of  the  condenser  was  closed  by  means  of  a  tube  filled 
with  calcium  chloride,  to  prevent  the  moisture  in  the  air  from 
coming  in  contact  with  the  alcohol  in  the  boiling  point  appara- 
tus. 

In  the  following  tables  m  is  the  concentration  in  terms  of 
gram-molecular  normal.  This  was  obtained  by  dividing  the 
number  of  grams  of  salt  in  1000  grams  of  the  solvent  by  the 
molecular  weight  of  the  salt  ;  p  is  the  corrected  rise  in  the 
boiling-point  of  the  solvent,  produced  by  the  dissolved  sub- 
stance at   the   concentration  in    question:    —  is  theraolecu- 

m 

lar  rise  in  the  boiling  point  of  the  solvent  at  the  given  concen- 
tration. 

The  results  for  lithium  chloride,  bromide  and  nitrate  are 
given  in  Tables  I.  to  III.  Calcium  nitrate,  in  methyl  alcohol, 
could  not  be  satisfactorily  studied  on  account  of  its  limited 
solubility  in  this  liquid. 

Results  with  Methyl  Alcohol. 

The  constant  for  methyl  alcohol  is  o.  84.  By  comparing 
with  this  value,  the  molecular  rise  found,  we  can  see  at  once 
the  magnitude  of  the  discrepancy  between  the  value  obtained 
experimentally  and  the  theoretical  value  for  an  undissociated 
substance.     All  three  of  the  following  salts  are,  of  course,  disso- 
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dated  to  a  greater  or  less  extent  by  methyl  alcohol.  This, 
however,  would  scarcely  account  for  the  magnitude  of  the 
molecular  rise  even  in  the  most  dilute  solutions,  since  the  dis- 
sociating power  of  methyl  alcohol  is  only  from  one-third  to 
one-half  that  of  water.  Dissociation  is  entirely  incapable  of 
accounting  for  the  increase  in  the  molecular  rise  vyith  increase  in 
the  concentration  of  the  solution  which,  we  see  from  the  results, 
takes  place  in  the  case  of  all  three  of  the  above  salts.  The 
dissociation  would  decrease  with  increase  in  the  concentration, 
which  would  tend  to  diminish  the  magnitude  of  the  molecular 
rise  of  the  boiling  point  as  the  solutions  became  more  and 
more  concentrated. 

Attention  should  also  be  called  to  the  magnitude  of  the 
molecular  rise  in  the  most  concentrated  solutions  employed. 
In  such  solutions  it  is  almost  twice  the  boiling  point  constant, 
or  normal  molecular  rise  for  this  solvent.  The  dissociation  in 
such  solutions  is  certainly  not  greater  than  between  30  and  40 
per  cent. 

Table  I. — Lithium  Chloride  in  Methyl  Alcohol. 

p 


0.0453 
0.1050 
0.1377 
0.2404 
0-2598 
0.2891 
0.3188 
0.3965 
0.4557 
0.4921 
0.4964 
0.5762 
0.6919 
0.7522 
0.7717 
0.7961 
0.8635 
0.9258 
1.0074 
1. 1847 


0.061 
0.140 
0.181 

0.313 
0.340 
0.380 
0.424 
0.529 
0.610 
0.660 
0.670 
0.779 
0.973 
1.068 
1. 100 

1. 139 
1.250 
1-347 
1. 512 
1.838 


•34 
.33 
.31 
.30 
.31 
•31 
•33 
•33 
•34 
•34 
•35 
•35 
.40 
.42 
•42 
.43 
.44 

•45 
.50 
.55 
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Table  II.—Lithi 

ium  Bromidi 

m. 

p. 

0.0919 

0.129 

0.1409 

0.192 

0.1780 

0.241 

0.1970 

0.270 

0.2514 

0.344 

0.2557 

0.351 

0.2727 

0.377 

O.3101 

0.412 

0.3689 

0.499 

0.5554 

0.756 

0.6108 

0.846 

0.6182 

0.858 

0.6654 

0.927 

0.5882 

0.808 

0.6745 

0.965 

0.8571 

1.287 

1. 2128 

1.970 

p 

m  ' 
1.40 

36 


Table  III. — Lithium  Nitrate  in  Methyl  Alcohol. 


0.0961 
0.1369 
0.1437 
0.1711 
0.2089 
0.2367 
0.2830 
0.3744 
0.4454 
0.4504 
0.470*9 
0.5300 

0.6l22 
0.7338 
0.7538 
0.8342 
0.9212 
1. 1320 


0.120 
0.163 
O.I7I 
0.202 
0.248 
0.286 
0.354 

0-475 
0.568 
0.575 
0.607 
0.684 
0.792 
0.976 
1.004 
1. 132 
1.265 
1.563 


1.24 
1. 19 
1. 19 
1. 18 
1. 18 
1. 21 
1.25 
1.26 
1.27 
1.27 
1.28 
1.29 
1.29 
1-33 
1-33 
I  35 
1-37 
1.38 
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We  interpret  these  results  in  terms  of  the  same  theory 
that  was  advanced  by  Jones^  in  connection  with  aqueous 
solutions.  There  is  combination  between  the  solvent  and  the 
dissolved  substance,  forming,  in  the  case  of  water,  hydrates  ;  in 
the  case  of  alcohol,  alcoholates  in  solution.  As  the  concentra- 
tion of  the  solution  becomes  greater,  more  and  more  alcohol  is 
held  in  combination  by  the  dissolved  substance,  consequently, 
there  is  less  and  less  alcohol  acting  as  solvent  and  the  molecu- 
lar rise  in  the  boiling  point,  therefore,  increases. 

Results  with  Ethyl  Alcohol. 

The  results  in  ethyl  alcohol,  obtained  with  lithium  chloride, 
lithium  bromide,  lithium  nitrate  and  calcium  nitrate  are  given 
in  Tables  IV.  to  VIII. 

We  obtained  results  of  the  same  general  character  as  those 
found  by  Jones  and  Getman  for  the  substances  with  which  they 
worked  in  ethyl  alcohol.  The  constant  for  ethyl  alcohol  is 
1. 15.  If  we  examine  the  results  for  lithium  chloride,  bromide 
and  nitrate,  we  shall  find  the  molecular  rise  in  the  boiling 
point,  especially  in  the  more  concentrated  solutions,  to  be 
much  greater  than  this  value.  Further,  the  molecular  rise 
increases  with  the  concentration  of  the  solutions.     The  results 

Table  IV. — Lithium  Chloride  in  Ethyl  Alcohol. 

p 


0.1356 

0.I9I 

1.408 

0.3692 

0.555 

1-503 

0.3958 

0.595 

1-503 

0.5084 

0.765 

1.504 

0.5350 

0.803 

1.500 

0.5407 

0.812 

1.502 

0.6478 

1.025 

1.582 

0.6771 

1.080 

1-595 

0.7577 

1. 218 

1.607 

0.8083 

1.320 

1-633 

0.8235 

1.347 

1-635 

0.8529 

1. 40 1 

1.642 

0.9035 

1-495 

1.650 

This  Journal,  23,  103  (1900). 
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Table  V. — Lithium  Bromide  in  Ethyl  Alcohol. 


0.0762 

0.096 

1.276 

0.1942 

0.300 

1-544 

0.3390 

0.514 

1.516 

0.3544 

0.530 

1-495 

0.4387 

0.675 

1-538 

0.5731 

0.914 

1-594 

0.5892 

0.945 

1.604 

0.6072 

0.978 

1. 610 

0.6280 

1.000 

1.629 

0.7640 

1.263 

1-653 

1 .0336 

1.935 

1.872 

1. 05 10 

1.923 

1.875 

1 .0530 

1. 98 1 

1. 88 1 

I. 1030 

2.134 

1.940 

1.1730 

2.325 

1.982 

Table  VI. — Lithium  Bromide  in  Ethyl  Alcohol  (Second  Series) . 


0.1126 
0.1890 
0.3815 
0.4161 
0.4476 
0.5788 
0.6513 
0.7031 
0.8312 
0.9950 
1. 3142 


0.140 

0.270 
0.550 
0.617 
0.665 
0.880 
1. 03 1 
1. 151 
1. 44 1 
1.798 
2.655 


1.24 

1.45 
1.44 
1.48 
1.48 
1-52 
1.58 
1.63 
1-73 
1. 81 
2.02 
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Table  VIl. — Lithium  Nitrate  in  Ethyl  Alcohol. 


tn. 

p. 

P 

m  ' 

0.0815 

0.103 

1.280 

0.1423 

0.187 

1-314 

0.-2990 

0.421 

1.407 

0.3088 

0.435 

1.408 

0.3234 

0.459 

1.420 

0.3370 

0.479 

1 .420 

0.5377 

0.776 

1.440 

0.6297 

0.920 

1.460 

0.7330 

1.072 

1.460 

0.7962 

1. 165 

1.460 

0.8444 

1. 241 

1.470 

1. 1770 

1.800 

1.530 

1-2530 

1. 95 1 

1-557 

Table  VIII. — Calcium  Nitrate  in  Ethyl\Alcohol. 


0.0428  0.057  I 

0.0594  0.078  I 

0.1137  0.135  I 

0.1153  0.138  I 

0.1981  0.239  I 

0.2161  0.253  I 

0.2590  0.300  I 

0.2920  0.333  I 

0.2964  0.340  I 

0.3081  0.351  I 

0.3380  0.383  I 

0.3486  0.395  I 

0.3815  0.425  I 

0.3978  o  444  I 

0.5361  0.582  I 

o  5680  0.620  I 

06862  0.740  I 

0.7029  0.750  I 

0.8274  0.885  I 

0.9118  0.972  I 
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in  the  more  dilute  solutions  in  ethyl  alcohol  might  be  partially 
explained  on  the  basis  of  dissociation,  since  ethyl  alcohol  has 
about  one-fourth  the  dissociating  power  of  water.  Dissocia- 
tion, however,  is  incapable  of  explaining  the  magnitude  of  the 
molecular  rise  in  the  more  concentrated  solutions,  and  is  en- 
tirely incapable  of  explaining  the  fact  that  the  molecular  rise 
of  the  boiling  point  increases  with  the  concentration  of  the 
solution,  up  to  the  most  concentrated  solutions  that  were  em- 
ployed. 

Calcium  nitrate  is  an  exception  to  the  above  relations,  as 
was  found  earlier  by  Jones  and  Getman.'  This  was  rather  sur- 
prising, so  we  repeated  the  work  and  obtained  essentially  their 
results.  The  molecular  rise  in  the  boiling  point  of  ethyl  alco- 
hol, produced  by  calcium  nitrate,  decreases,  with  a  fair  degree 
of  regularity,  from  the  most  dilute  to  the  most  concentrated 
solution  studied.  In  the  most  concentrated  solutions  the 
molecular  rise  becomes  less  than  the  theoretical  value,  1.15, 
notwithstanding  the  fact  that  in  such  solutions  we  have  quite 
appreciable  dissociation.  The  conclusion  to  which  we  seem  to 
be  forced  by  the  results  is  that  calcium  nitrate  in  ethyl  alcohol 
is  somewhat  polymerized.  We  probably  have  also  combina- 
tion between  the  solvent  and  the  salt,  but  this  is  more  than 
overcome,  as  far  as  the  effect  on  boiling  point  is  concerned,  by 
the  polymerization  of  molecules  of  the  salt  itself,  forming  more 
complex  aggregates  than  would  be  expressed  by  the  simple 
formula  CaCNOs)^. 

The  conclusion  to  which  we  are  led  by  the  results,  in  general, 
in  ethyl  alcohol,  is  the  same  as  that  to  which  we  have  already 
referred  in  the  case  of  solutions  in  methyl  alcohol.  The  large 
value  of  the  molecular  rise  in  the  more  concentrated  solutions 
would  indicate  that  a  part  of  the  alcohol  was  not  playing  the 
r61e  of  solvent,  but  was  combined  with  the  dissolved  sub- 
stance. This  would  also  account  for  the  increase  in  the 
molecular  rise  of  the  boiling  point  with  increase  in  the  con- 
centration of  the  solution,  notwithstanding  the  fact  that  the 
dissociation  is  decreasing  as  the  solution  becomes  more  concen- 
trated.    As  the  amount  of  dissolved   substance   present   in- 

1  This  Journal,  33,  338  (1904). 
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creases,  the  total  amount  of  the  solvent  combined  with  it  in- 
creases, and  less  and  less  alcohol  is  acting  as  solvent  as  the 
concentration  becomes  greater  and  greater.  This  is  in  keeping 
with  the  law  of  mass  action.  The  amount  of  the  solvent  com- 
bined with  I  molecule  of  the  dissolved  substance  is  probably 
greater  the  more  dilute  the  solution,  at  least  up  to  a  certain 
point.  We  have  not  yet  been  able  to  work  out  even  the  ap- 
proximate composition  of  the  alcoholates  formed,  as  Jones  and 
Getman^  and  Jones  and  Bassett*  have  done  in  the  case  of 
aqueous  solutions.  This  is  due,  in  part,  to  the  fact  that  we 
have  not  yet  had  time  to  determine  accurately  the  dissociation 
of  the  various  salts  at  the  different  dilutions  in  the  alcohols. 
When  such  data  shall  have  been  secured,  there  ought  to  be  no 
very  serious  difficulty  in  calculating  the  approximate  composi- 
tion of  the  alcoholates  formed  by  the  various  salts  in  solution 
in  these  solvents.  Work  is  now  in  progress  on  this  and 
similar  problems. 

Chemical  I<aboratory, 
JOHNS  Hopkins  University. 


RELATIVE    RATES    OF    OXIDATION    OF    ORTHO, 
META  AND  PARA  COMPOUNDS. 

By  Hamilton  Bradshaw. 

In  1887  Dreyfus^  determined  the  rate  at  which  various  or- 
ganic compounds  are  oxidized  by  potassium  permanganate. 
If  n  grams  of  a  substance  are  required  to  reduce  a  quantity  of 
potassium  permanganate  equal  to  that  reduced  in  the  same 
length  of  time  by  i  gram  of  ethyl  alcohol,  then  i/w  expresses, 
in  a  manner,  the  relative  rate  of  oxidation  of  the  substance, 
Dreyfus  made  his  measurements  in  acid  solution  and  used  a 
very  dilute  solution  of  potassium  permanganate,  i  cc  ^  o.oooi 
gram  of  crystallized  oxalic  acid.  He  found  that  the  value  of 
ijn  for  the  substances  which  he  studied  varies  from  0.2  to 
10,000.  With  the  dihydroxybenzenes  the  rates  of  oxidation  are 
in  the  ratio — ortho  :  meta  :  para  :  :  5000  :  2000  :  3333.      For 

1  This  Journal,  31.  303  (1904)  ;  32.  308  (i904).    Z-  physik.  Chem.,  49,  385  (1904). 

2  This  Journal,  33.  334  (1905)- 
»  Compt.  rend.,  105.  523- 
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the  toluidines  he  found  the  ratio — ortho  :  meta  :  para  :  :  17.8  : 
9.09  :  12.5. 

The  present  investigation  was  undertaken,  at  the  suggestion 
of  President  Remsen,  to  determine  the  rates  of  oxidation  of 
certain  isomeric  organic  compounds  of  the  ortho,  meta  and 
para  series.  It  was  thought  that  a  comparison  of  the  be- 
havior of  several  groups  of  such  isomeric  compounds  might 
possibly  reveal  some  tendency  which  would  admit  of  general 
expression. 

The  compounds  which  were  studied  for  this  purpose  are  all 
easily  prepared.  Those  that  were  obtained  from  the  labora- 
tory stock  were  purified  by  crystallization  or  distillation.  The 
following  is  a  list  of  the  substances  used,  together  with  their 
melting-points  (uncorr. )  : 


Salicylic  acid 
w-Hydroxybenzoic  acid 
/)-Hydroxybenzoic  acid 

Melting  point. 

i55°-i56° 

I98°-I99'' 

210'' 

Anthranilic  acid 
w-Aminobenzoic  acid 
/>-Aminobenzoic  acid 

145° 
173'' 
186" 

o-Nitrophenol 
m-Nitrophenol 
/>-Nitrophenol 

45^-46° 
95°-96° 

II2°-II3° 

o-Nitraniline 
w-Nitraniline 
^-Nitraniline 

73°-74'' 

112° 
147° 

o-Toluidine 
w-Toluidine 
/>-Toluidine 

45° 

Parahydroxybenzoic  acid  was  made  by  fusing  parasulph- 
aminebenzoic  acid  with  a  mixture  of  sodium  and  potassium  hy- 
droxides. 

Of  all  these  substances,  except  the  nitranilines,  aqueous 
solutions  were  made,  containing  i  gram  to  the  liter.  Only  0.5 
gram  of  the  nitranilines  was  dissolved  in  a  liter  of  water,  on 
account  of  the  slight  solubility  of  these  compounds,  but  twice 
as  much  of  the  solution  was  used  in  each  experiment.     The 
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toluidines  were  dissolved  by  adding  sufficient  sulphuric  acid  to 
form  the  neutral  salts.  The  solution  of  potassium  perman- 
ganate used  for  the  oxidations  contained  4  grams  of  potassium 
permanganate  to  a  liter  of  water.  The  procedure  was  as  fol- 
lows :  A  fixed  amount  of  the  solution  of  the  organic  sub- 
stance was  diluted  to  a  definite  volume  and  a  quantity,  usually 
15  cc,  of  the  solution  of  potassium  permanganate  was  added 
from  a  burette.  After  allowing  the  mixture  to  stand  for  a 
certain  length  of  time,  the  excess  of  potassium  permanganate 
was  determined.  At  first  this  was  done  by  adding  an  excess 
of  a  solution  of  manganous  sulphate,  free  from  iron,  and  fil- 
tering off  the  precipitated  oxides  of  manganese  on  an  asbestos 
plug.  By  dissolving  in  a  known  quantity  of  a  standard  solu- 
tion of  oxalic  acid,  or  of  ferrous  ammonium  sulphate,  and 
titrating  the  excess  of  reducing  substance,  the  amount  of  avail- 
able oxygen  in  the  precipitate  was  determined,  and,  by  sub- 
traction, the  oxygen  used  in  the  oxidation  of  the  organic  com- 
pound. 

It  was  found,  however,  that  this  method  does  not  give  satis- 
factory results,  probably  on  account  of  a  loss  of  oxygen  in 
heating  the  solution  to  dissolve  the  oxides  of  manganese.  The 
method  finally  decided  upon  for  the  determination  of  the  un- 
reduced potassium  permanganate,  is  that  based  on  the  libera- 
tion of  iodine  from  potassium  iodide  by  potassium  perman- 
ganate, in  the  presence  of  an  acid.  At  the  end  of  the  oxidation 
period  an  excess  of  a  solution  of  potassium  iodide  and  dilute 
hydrochloric  acid  was  added  to  the  mixture  and  the  liberated 
iodine  determined  by  titration  with  a  solution  of  sodium  thio- 
sulphate,  previously  standardized  against  the  solution  of  potas- 
sium permanganate  by  the  same  method. 

In  the  case  of  the  nitranilines  the  end  product  was  not  very 
definite.  Apparently  some  oxidation  product  continued  to 
liberate  iodine  and,  consequently,  the  quantity  of  thiosulphate 
used  was  too  great,  although  the  titrations  were  made  as 
rapidly  as  possible.  The  figures  expressing  the  amounts  of 
potassium  permanganate  reduced  are,  therefore,  uniformly  low 
for  this  group  of  compounds. 
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The  oxidations  were  made  at  room  temperature,  which 
varied  from  18°  to  22°. 

Hydroxyhenzoic  Acids. 

The  first  group  studied  was  that  of  the  hydroxyhenzoic 
acids.  Measurements  were  made  on  solutions  to  which  neither 
acid  nor  alkali  had  been  added.  The  results  are  given  in  tabu- 
lar form.  In  this  and  the  following  tables  the  quantity  of 
potassium  permanganate,  reduced  by  the  organic  substance,  is 
expressed  as  cubic  centimeters  of  solution.  For  the  sake  of 
convenience,  the  reduction  is  regarded  as  being  complete,  that 
is,  to  the  manganous  condition. 

Table  I. — Oxidation  of  Hydroxyhenzoic  Acids. 
0.005  gram  C,Hg03,  15  cc.  KMnO^,  total  volume  100  cc. 


KMn04  reduced,  cc. 

Time  in  minutes. 

Ortho. 

Meta. 

Para. 

I 

.      . 

0.46 

0.24 

2 

1-37 

0.94 

0.37 

5 

1.85 

1.50 

0,69 

10 

2.23 

1.99 

1.27 

20 

2.75 

2-57 

1,91 

30 

3-18 

2.83 

2.37 

60 

3-51 

347 

3-37 

120 

3.86 

4-53 

4.64 

1080 

5.50 

6.00 

6,22 

Numerous  other  experiments  were  made,  varying  the  quan- 
tity of  substance,  of  potassium  permanganate  and  of  water. 
The  general  result  was  always  the  same,  that  is,  the  ortho 
compound  was  most  readily  oxidized,  the  para  compound  least 
readily.  The  differences  were,  in  a  few  cases,  greater  than 
those  tabulated  above,  but  were  of  the  same  general  character. 
The  efifect  of  a  greater  excess  of  permanganate  is  very  slight, 
unless  its  concentration  be  increased. 

Complete  oxidation  of  the  hydroxyhenzoic  acids  according 
to  the  equation 

C,HA  +  14O     =     7CO,  +  3H,0, 
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would  require  for  0.005  of  acid,  0.053  gram  of  potassium  per- 
manganate, yielding  its  oxygen  according  to  the  equation 

2KMnO,  +  H,0     =     2KOH  +  2MnO,  +  3O. 

The  quantity  of  solution  used,  15  cc,  contained  60  milligrams 
of  potassium  permanganate. 

A  study  was  also  made  of  the  effect  of  the  addition  of  vary- 
ing amounts  of  acid  or  alkali  to  the  solution.  The  results  are 
brought  together  in  Table  II.  The  first  column  contains  the 
number  of  equivalents  of  acid  or  alkali  added  to  the  solution. 
For  example,  the  addition  of  2  equivalents  of  acid  or  alkali 
means  the  addition  of  i  molecule  of  sulphuric  acid  or  2  mole- 
cules of  potassium  hydroxide  for  every  molecule  of  hydroxy- 
benzoic  acid  in  the  solution. 


Table  11. — Oxidation  of  Hydroxy/benzoic  Acids. 
0.005  gram  C^HgOg,  15  cc.  KMnO^,  total  volume  100  cc. 


KMn04  reduced,  cc. 

Ortho. 

Meta. 

Para. 

2  min. 

5  min. 

2  min. 

5  min. 

2  min. 

5  min. 

20  acid 

5-40 

.     . 

5.80 

.     . 

4-99 

4    " 

4-57 

5-04 

5-27 

.     . 

2.89 

2    " 

3-47 

390 

.     . 

4.00 

.     . 

1-93 

0    " 

1.37 

1.85 

0.94 

1.50 

0.37 

0.69 

I  alkali 

0.51 

0.65 

0.25 

0.40 

0.20 

0.37 

2      " 

0.17 

0.50 

3-65 

4.07 

1.79 

2.99 

4      " 

0.63 

1-35 

3-90 

428 

1.62 

2.87 

10      " 

1.70 

3-53 

1.22 

20      " 

2.36 

3-05 

3-30 

396 

1. 15 

1.59 

In  order  to  determine  whether  the  effect  of  the  addition  of 
potassium  hydroxide  depends  on  the  actual  quantity  of  alkali 
in  the  solution,  or  on  its  concentration,  measurements  were 
made  on  solutions  diluted  with  varying  quantities  of  water. 
In  the  following  table  the  figures  at  the  head  of  the  columns 
refer  to  the  total  volume  of  the  solution. 


Oxidation  of  Ortho,  Meta  and  Para  Compounds.       331 

Table  III. — Oxidation  of  Hydroxy/benzoic  Acids. 
0.005  gram  C,H503,  15  cc.  KMnO^,  time  2  minutes. 

KMn04  reduced,  cc. 


Ortho. 

Meta. 

50  cc 

100  cc. 

50  cc. 

100  cc. 

150  cc. 

I  acid 

.      . 

.    . 

307 

.    . 

0    " 

2-34 

1-37 

1.96 

0.94 

0.37 

I  alkali 

1.44 

0.51 

4.16 

0.25 

0.14 

2      " 

1.63 

0.17 

4-34 

3.65 

0.24 

4      " 

1.89 

0  63 

4-43 

390 

3.20 

6      " 

2.23 

4  42 

.    . 

10      " 

.    . 

1.70 

3-53 

12      " 

2.84 

.    . 

.    . 

20      " 

.    . 

2.36 

.    . 
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2.61 

A  careful  study  of  these  results  leads  to  the  conclusion  that 
the  effect  of  the  alkali  depends  on  its  concentration  in  the  solu- 
tion, and  not  on  the  actual  quantity  present.  For  example,  in 
the  first  column  the  point  of  minimum  oxidation  corresponds 
to  the  presence  of  a  carboxyl  salt,  while  in  the  second  column 
the  same  point  is  reached  only  when  sufl&cient  alkali  is  present 
to  form  a  neutral  salt. 

By  separate  experiments  it  was  shown  that  sodium  hydrox- 
ide has  exactly  the  same  effect  as  potassium  hydroxide,  and 
that  the  presence  of  corresponding  quantities  of  potassium  or 
sodium  chloride  has  no  influence  whatever  on  the  rate  of 
oxidation. 

During  the  process  of  oxidation  the  solution  becomes  alka- 
line, unless  the  potassium  hydroxide,  formed  by  the  reduction 
of  the  potassium  permanganate,  is  neutralized  by  acid  oxida- 
tion products  of  the  organic  substance.  It  was  found  that 
considerable  quantities  of  oxalic  acid  are  formed  when  salicylic 
acid  is  oxidized  by  potassium  permanganate.  Acetic  acid  is 
known  to  be  a  frequent  oxidation  product  of  aromatic  com- 
pounds. In  view  of  the  uncertainty  arising  from  these  facts, 
and  also  from  a  consideration  of  the  results  presented  in  Table 
II.,  it  seemed  more  satisfactory  to  start  with  solutions  made 
alkaline  by  the  addition  of  considerable  quantities  of  potassium 
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hydroxide.     Table  IV.  contains  the  results  obtained  by  oxida- 
tion in  alkaline  solution. 

Table  IV. — Oxidation  of  Hydroxyhenzoic  Acids. 
0.005  gram  C^HgOs,  15  cc.  KMnO^,  10  equivalents  KOH,  total 


vok 

ime  100  cc. 

antes. 

KMn04  reduced,  cc. 

Time  in  mil 

Ortho. 

Meta. 

Para. 

2 

1.70 

3-53 

1.22 

ID 

3-25 

4.70 

2.39 

30 

4.66 

5-25 

3-93 

60 

5-34 

550 

502 

Aminohenzoic  Acids. 

Table  V . — Oxidation  of  Aminobenzoic  Acids. 

0.005  gram  C^H^O^N,  15  cc.  KMnO^,  total  volume  100  cc. 


antes. 

KMNO4  reduced,  cc. 

Time  in  mil 

Ortho. 

Meta. 

Para. 

0.5 

(at  0' 

n 

1-35 

1.24 

0.73 

I 

2.18 

2.26 

1-59 

2 

2.41 

2.73 

1.92 

15 

2.81 

3.67 

3-47 

340 

3-58 

4.89 

4.89 

The  first  three  measurements  were  made  at  0°  because  the 
experiments  with  the  hydroxyhenzoic  acids  show  that  the  ortho 
compound  is  most  readily  oxidized  in  the  first  stages  of  the 
oxidation.  These  results  with  the  aminobenzoic  acids  are  ex- 
actly analogous  to  those  obtained  with  the  hydroxyhenzoic 
acids.     Further  measurements  were  made  in  alkaline  solution. 

Table  VI. — Oxidation  of  Aminobenzoic  Acids. 
0.005  gram  C^H^O^N,  15  cc.   KMnO^,    10  equivalents  KOH, 


total  volume  100  cc, 

K:Mn04  reduced,  cc. 

'ime  in  minutes. 

2 

ID 

30 

60 

Ortho. 
1.90 

3-33 
4.91 

5-94 

Meta. 
2.78 
4.67 
6.17 
6.75 

Para. 
1. 12 
2.29 
4.28 
4.88 
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Here  also,  as  with  the  hydroxy  benzoic  acids,  the  order  of 
velocities  is,  meta,  ortho,  para. 

Berkeley^  found  that  the  rate  of  reduction  of  the  nitroben- 
zoic  acids  by  stannous  chloride  increases  from  the  meta  to  the 
para  compound.  His  results  seem  to  harmonize  very  satisfac- 
torily with  the  conclusions  reached  in  the  present  investigation. 

Nitrophenols . 

The  nitrophenols  being  easily  obtained,  experiments  were 
tried  with  them. 

Table  VII. — Oxidation  of  Nitrophenols . 
0.005  gram  CJH5O3N,  15  cc.  KMnO«,  total  volume  25  cc. 


KMn04  reduced,  cc. 

Time  in  minutes. 

Ortho. 

Meta. 

Para. 

I 

1.05 

0.78 

0.36 

5 

2.25 

1.75 

0.68 

30 

5-6o 

515 

3-OI 

Table  VIII. — Oxidation  of  Nitrophenols . 
0.005  gram  CjHgOjN,  20  cc.  KMnO^,  total  volume  30  cc. 


KMn04  reduced,  cc. 


Time  in  minutes.  Ortho.  Meta.  Para. 

90  6.24  6.20  5.90 

390  6.80  6.51  6.72 

Table  IX. — Oxidation  of  Nitrophenols. 

•0.05  gram  CgHjOsN,  15  cc.  KMnO^,  10  equivalents  KOH,  total 

volume  50  cc. 

KMn04  reduced,  cc. 


Time  in  minutes. 

Ortho. 

Meta. 

Para. 

10 

0.42 

1.84 

0.30 

30 

1. 12 

3-27 

0.35 

60 

1-51 

4-33 

0.69 

120 

2.15 

4.67 

0.91 

The  results  with  solutions  of  the  free  nitrophenols  are  simi- 
lar to  those  obtained  for  the  two  preceding  groups.  Here 
also,  in  alkaline  solution,  the  order  of  velocities  is  meta,  ortho, 
para. 

T^issertation,  Johns  Hopkins  University,  1899. 
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Nitr  anilines. 
Table  X. — Oxidation  of  Niir anilines. 
0.005  gram  CgHgO^N.^,  15  cc.  KMnO^,  total  volume  25  cc. 


KMn04  reduced,  cc. 

Time  in  minutes. 
10 
60 

10  (at  100°) 

Ortho. 
0.22 
0.91 
5.08 

Meta. 

2.94 
4.04 
5.82 

Para. 
0.22 
0.43 
3-15 

Table  XI. — Oxidation  of  Nitr  anilines. 
0.005  gram  CgHgOjN,,  15  cc.  KMnO^,  10  equivalents  KOH, 
total  volume  35  cc. 

KMn04  reduced,  cc. 


Time  in  minutes. 

Ortho. 

Meta. 

Para. 

30 

1. 12 

4-23 

0.84 

60 

1-35 

4-52 

0.89 

120 

2.53 

4.91 

1.22 

360 

3.02 

519 

1. 71 

Both  of  these  tables  show  the  same  order  in  the  rates  of 
oxidation  of  the  nitranilines,  namely,  meta,  ortho,  para. 

Toluidines. 

Table  XII. — Oxidation  of  the  Toluidines. 
0.005  gram  C,HgN,    15  cc.  KMnO^,  10  equivalents  KOH, 
total  volume  100  cc. 

KMn04  reduced,  cc. 


Time  in  minutes. 

Ortho. 

Meta. 

Para. 

0.5 

3-94 

4.28 

2.55 

I 

4.28 

4-75 

2.72 

2 

4.69 

5-13 

3-03 

5 

5- 30 

5.61 

3.51 

In  acid  solution  the  oxidation  was  rapid  and  nearly  equal 
for  all  3  isomers. 

In  all  5  groups  a  uniformity  is  shown  only  in  alkaline  solu- 
tion.    The  differences  in  the  rates  of  oxidation  of  isomeric 
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substances  are  quite  marked  and  the  rate  of  oxidation  de- 
creases from  the  meta  to  the  para  compound. 

Johns  Hopkins  University, 
June,  1905. 


ORTHOSULPHAMINEBENZOIC  ACID  AND  REI.ATED 
COMPOUNDS. 

By  Hamilton  Bradshaw. 

A  few  years  ago  F.  D.  Wilson,  working  in  the  laboratory  of 
the  Johns  Hopkins  University,  made  a  comparative  study  of 

/COOH 
orthosulphaminebenzoic  acid,  CgH4<^  ,  and  orthocarba- 

^SO.NH, 
/CONH/ 
minebenzenesulphonic  acid,  CgH^^  .     As  a  few  points 

\SO,OH 
were  left  unsettled  I  have  continued  the  work  at  the  sugges- 
tion of  President  Remsen. 

Wilson  states  that  orthosulphaminebenzoic  acid  crystallizes 
in  two  forms,  plates  and  needles,  and  that  the  quantity  of 
alkali  used  in  the  hydrolysis  of  the  benzoic  sulphinide  deter- 
mines which  form  the  acid  will  take  on  crystallization. « 
Several  experiments  were  made  to  test  this  point.  Wilson 
boiled  a  solution  of  20  grams  of  benzoic  sulphinide  with  15 
grams  of  sodium  hydroxide,  in  500  cc.  of  water,  until  hydroly- 
sis was  complete.  The  solution  was  acidified  and  allowed  to 
stand  over  night.  Large,  monoclinic  crystals  were  deposited. 
In  repeating  this  work  it  was  found  that  complete  hydrolysis 
was  not  reached  even  after  15  hours'  boiling.  After  cooling 
and  filtering,  the  solution  was  acidified  with  hydrochloric  acid. 
Only  needles  were  deposited.  Another  alkaline  solution,  ob- 
tained in  exactly  the  same  way,  was  divided  into  two  portions. 
One  part  of  it  was  acidified  and  allowed  to  stand.  Both  forms 
of  crystals  began  to  appear,  but  on  agitating  the  solution  the 
plates  ceased  to  form  and  the  acid  came  down  in  needles.  The 
second  portion  was  acidified  and  seeded  with  plate  crystals. 
All  of  the  acid  was  deposited  in  the  form  of  plates.     In  an- 

'  This  Journal,  30,  353  and  Dissertation. 
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other  experiment  Wilson  used  lo  grams  of  benzoic  sulphinide 
to  20  grams  of  sodium  hydroxide  and  250  cc.  of  water.  This 
solution,  treated  in  the  same  way  as  the  previous  one,  gave 
only  needles,  the  yield  being  almost  quantitative.  In  the  first 
experiment  in  which  these  proportions  were  used,  Wilson's 
conclusions  were  confirmed,  that  is,  only  needles  were  obtained. 
In  the  second,  a  few  plate  crystals  formed  among  the  needles. 
Moreover,  it  was  found  that  this  proportion  of  alkali  'caused 
complete  hydrolysis  in  less  than  3  hours. 

To  determine  whether  the  presence  of  benzoic  sulphinide 
would  induce  the  formation  of  plate  crystals,  the  next  solution 
of  the  hydrolyzed  benzoic  sulphinide  was  divided  into  two  por- 
tions. To  one,  benzoic  sulphinide  was  added  until  the  solution 
tasted  sweet.  When  acidified,  the  solution  deposited  most  of 
the  acid  in  needles,  only  a  few  plates  being  formed.  The  sec- 
ond portion  of  solution,  containing  no  benzoic  sulphinide, 
yielded  only  large  plate  crystals.  From  these  experiments  it 
is  evident  that  the  form  of  the  crystals  does  not  depend  on  the 
quantity  of  alkali  used,  nor  on  the  presence  of  benzoic  sulphin- 
ide. It  is  very  probable  that  the  plate  crystals  are  formed 
only  when  the  acidified  solution  suffers  the  least  possible  dis- 
turbance. Similar  relations  are  known  to  hold  with  many 
other  substances. 

As  stated  by  Wilson,  the  plate  form  of  the  acid  contains  no 
water  of  crystallization,  while  the  needle  crystals  lose  0.5 
molecule  of  water  of  crystallization  at  100"-!  10°. 

Calculated  for  Found. 

C6H4(C00H)S02NH2.JH20.  I.  II. 

H2O  4-29  4-33  4-25 

When  crystallized  from  alcohol  the  acid  is  deposited  in  large 
rhombohedrons.  Another  form  of  crystals  was  obtained  by 
hydrolyzing  20  grams  of  benzoic  sulphinide  with  30  grams  of 
potassium  hydroxide,  in  500  cc.  of  water.  When  acidified,  the 
solution  deposited  the  acid  in  small,  irregular  crystals,  about 
1-2  mm.  in  diameter.  The  study  of  the  crystalline  form  was 
not  considered  to  be  of  sufi&cient  importance  to  justify  further 
investigation.  The  melting  point  of  the  acid,  in  whatever 
form  it  may  be  crystallized,  is  152"  (uncorr.). 
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Orthosulphaminebenzoic  acid  loses  water  when  heated  and 
is  converted,  at  least  partially,  into  benzoic  sulphinide.  A 
portion  is  probably  converted  into  acid  ammonium  orthosul- 
phobenzoate,  as  is  the  case  with  parabromorthosulphamine- 
benzoic  acid.^  Wilson  states  that  in  a  rapid  current  of  air  the 
needles  decompose  at  115°,  the  plates  at  about  128°,  and  that, 
in  a  closed  tube,  the  needles  decompose  at  145°,  the  plates  at 

In  repeating  this  work,  an  apparatus  was  used  similar  to 
that  described  by  Wilson,  but  the  thermometer  was  placed  in 
the  glass  tube  with  the  boat,  and  windows  of  mica  were  fixed 
in  the  outer  casing,  to  permit  the  reading  of  the  thermometer 
and  accurate  observation  of  the  decomposition.  The  crystals 
were  powdered  before  being  placed  in  the  boat.  It  was  found 
that  both  needles  and  plates  became  sweet  when  heated  at 
ii4''-i  16°,  for  2  hours,  either  in  a  rapid  current  of  air  or  in  a 
closed  tube.  Very  little  water  collected  in  the  cool  part  of  the 
tube.  Generally  a  slight  sublimate  of  benzoic  sulphinide  was 
noticed. 

Wilson^ s  Diamide. 

Wilson    prepared  what   he   supposed   to   be   the   diamidef^ 
.CONH, 
CgH^<^  ,     by     heating    orthosulphaminehenzoic     acid 

with  ammonium  thiocyanate.  By  following  his  directions 
carefully,  a  product  was  obtained  which  melted  at  256°-257*' 
(uncorr.).  Wilson  gives  263°.  It  is  very  soluble  in  water, 
insoluble  in  cold  alcohol,  more  soluble  in  hot  alcohol.  It  gives 
oflf  ammonia  when  treated  in  the  cold  with  a  solution  of  sodium 
hydroxide.  These  facts  indicated  that  the  substance  is  am- 
monium orthocarbaminebenzenesulphonate.^  A  determination 
of  nitrogen  completed  the  evidence  : 
0.2450  gram  salt  gave  0.0315  gram  N. 

Calculated  for 
CsH4(CONHj)SOsONH4.  Found. 

N  12.86  12.85 

>Blanchard  :  This  Journal,  30,  509. 
s  Wilson  :  Loc.  cit. ,  p.  370. 
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Orthocarhaminehenzenesulphonic  A  cid . 

Potassium  orthocarbaminebenzenesulphonate  was  prepared 
as  directed  by  Wilson.  When  this  salt  is  heated  with  phos- 
phorus oxychloride,  a  compound  is  obtained  which  Wilson  sup- 
posed to  be  orthocarbaminebenzenesulphone  chloride^  He 
crystallized  it  from  chloroform  and  found  the  melting  point  to 
be  63".  By  the  action  of  phosphorus  pentachloride  on  the 
same  salt,  Sohon^  obtained  orthocyanbenzenesulphone  chloride, 
which  he  identified  by  converting  it  into  orthocyanbenzenesul- 
phonic  acid.  It  seemed  very  probable  that  the  reaction  with 
phosphorus  oxychloride  would  give  the  same  product.  The 
chloride  was  prepared  as  directed  by  Wilson,  and  crystallized 
from  chloroform.  It  melts  at  69°-7o°  (uncorr.).  The  same 
substance  was  then  prepared  by  the  action  of  phosphorus  oxy- 
chloride on  potassium  orthocyanbenzenesulphonate.  This  salt 
was  obtained  from  the  ammonium  salt  which  is  formed  by  the 
action  of  ammonia  on  the  unsymmetrical  chloride  of  orthosul- 
phobenzoic  acid.*  The  chloride  obtained  in  this  way  melted 
at  69°-7o°.  Jesurun*  prepared  the  same  chloride  by  heating 
benzoic  sulphinide  with  2  molecules  of  phosphorus  pentachlor- 
ide, in  a  sealed  tube,  at  7o°-75°.  He  gives  the  melting  point 
as  69°-7o°.  Specimens  of  the  chloride  prepared  by  all  three  of 
these  methods  were  found  to  have  the  some  melting  point,  69**- 
70°,  which  was  not  lowered  by  mixing  one  specimen  with  an- 
other. There  is  no  doubt,  therefore,  that  the  action  of  phos- 
phorus oxychloride  includes  dehydration  of  the  carbamide 
group, 

CeH,(CONH,)SO,OK    =^     CjH,(CN)SO,Cl. 

This  explains  Wilson's  failure  to  obtain  the  diamide, 
,CONH, 


/ 

^SO,NH, 

by  the  action  of  ammonia  on  the  chloride  which  he  supposed 
to  be  orthocarbaminebenzenesulphone  chloride.     Jesurun*  de- 


1  This  Journal,  ao,  271. 
^Ibid.,  30,  268. 

•  Ber.  d.  chem.  Ges.,  a6,  2288. 

*  Ibid.,  26,  2396. 
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scribes  the  action  of  ammonia  on  orthocyanbenzenesulphone 
chloride  as  follows  :     If  an  excess  of  ammonia  is  used   the 

,C(NH),^ 
product  is  pseudosaccharin  amide,  CgH^^  \N,  melt- 

^SO, / 

ing  above  300°.  If  the  chloride  is  treated  with  benzene,  in 
which  the  theoretical  quantity  of  ammonia  has  been  dissolved, 

yCN 
the  product  is  orthocyanbenzenesulphonamide,  CjH^<f  , 

melting  above  260°.  This  work  was  repeated,  using  the 
chloride  obtained  by  Wilson's  method,  and  Jesurun's  results 
were  confirmed,  except  in  regard  to  the  melting  points. 
Pseudosaccharin  amide,  when  crystallized  from  hot  water, 
melts  at  297°  (uncorr,)-     Analyses  : 

I.  0.2025  gram  substance  gave  0.0310  gram  N. 
II.  0.1722  gram  substance  gave  0.0267  gram  N. 
III.  0,2118  gram  substance  gave  0.2712  gram  BaSO^. 

Calculated  for  Found. 

C(NH„) 
CeH*^  >N.  I.  II. 

N  15.38  15.30  15.49 

S  17.59  •    •  1760 

Orthocyanbenzenesulphonamide  melts  at  160°  (uncorr.), 
changing  completely,  at  its  melting  point,  to  the  isomeric  sub- 
stance, pseudosaccharin  amide,  which  melts  at  297°  (uncorr.). 
If  heated  rapidly  no  melting  is  observed  at  160°.  This  ex- 
plains Jesurun's  observation  that  the  substance  melts  above 
260°. 

When  orthocyanbenzenesulphonamide  is  heated  with  a  di- 
lute solution  of  sodium  hydroxide  it  is  converted  into  benzoic 
sulphinide.  It  may  be  that  the  diamide  is  first  formed  and 
loses  ammonia  immediately.  The  diamide  has  not  yet  been 
prepared. 

Anilineorthosulphonic  Acid. 

This  acid  can  be  prepared  by  the  action  of  sodium  hypobro- 
mite  on  an  alkaline  solution  of  potassium  orthocarbamineben- 
zenesulphonate.     Forty  grams  of  this  salt  and  32  grams  of 


340  Bradshaw. 

sodium  hydroxide  were  dissolved  in  320  cc.  of  water.  The 
solution  was  warmed  to  80°  on  the  water-bath,  and  28  grams 
of  bromine,  dissolved  in  220  cc,  of  a  10  per  cent  solution  of 
sodium  hydroxide,  were  added  drop  by  drop.  The  mixture 
was  heated  about  15  minutes  and,  after  cooling,  was  acidified 
with  hydrochloric  acid.  By  evaporating  to  a  very  small  bulk 
and  filtering  while  hot,  the  sodium  chloride  was  removed. 
The  anilineorthosulphonic  acid  crystallized  out  on  cooling  and 
was  obtained  pure  by  recrystallization  from  hot  water. 
Analysis  : 

0.0927  gram  substance  gave  0.1255  gram  BaSO^. 

Calculated  for 
CeH4(NH2)S020H.  Found. 

S  18.51  18.58 

If  the  sodium  hypobromite  is  added  rapidly  to  a  cold  solu- 
tion of  the  carbamide,  the  chief  product  is  tribromaniline. 
This  is  easily  explained  by  the  fact  that  anilineorthosulphonic 
acid  is  readily  converted  into  tribromaniline  by  the  action  of 
free  bromine.*  If  the  sodium  hypobromite  is  added  slowly  to 
a  cold  solution  of  the  carbamide,  the  product  is  parabromani- 
lineorthosulphonic  acid.  Even  under  the  most  favorable  con- 
ditions some  of  this  acid  is  formed.  It  is  very  insoluble  in 
cold  water  and  can  be  removed  by  filtration. 

Johns  Hopkins  University, 
June,  1905- 


SOME  DERIVATIVES  OF  PHENYLGEYCOCOELOR- 
THOSUEPHONIC  ACID. 

By  Hamilton  Bradshaw. 

Anilineorthosulphonic  Acid. 

The  preparation  of  this  acid  from  orthocarbaminebenzene- 
sulphonic  acid  has  been  described  in  the  preceding  article. 
This  method,  including  the  preparation  of  the  carbamine  acid, 
was  too  laborious  for  the  production  of  the  acid  in  any  consid- 
erable quantity,  and  the  method  of  Kreis' was  tried,  with  good 
results.     Acetanilide  was  brominated  in   glacial   acetic  acid 

1  Berndsen  and  I,impricht :  Ann.  Chem.  (Liebig),  177,  100  (1875). 

2  Ann.  Chem.  (Liebig),  386,  377. 
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solution'  and  the  product  was  crystallized  from  alcohol.  The 
directions  of  Kreis  were  followed  in  the  sulphonation  of  the 
parabromacetanilide.  There  was  considerable  charring  and 
the  yield  was  never  better  than  65  per  cent  of  the  theoretical. 
Any  unchanged  parabromaniline  was  removed  by  distilling  an 
alkaline  solution  with  steam.  The  bromine  was  removed  by 
boiling  with  zinc  dust  and  alkah.^  Prolonged  boiling  was 
found  to  be  necessary.  After  removing  the  zinc,  the  sulphonic 
acid  was  separated  from  the  sodium  chloride  as  described  in 
the  preceding  paper.  The  identity  of  the  substance  was  posi- 
tively confirmed  by  diazotization  and  conversion  into  ortho- 
ethoxybenzenesulphonamide,  CgH/OC2H5)S02NHj,  melting  at 
156°  (uncorr.).^  On  titration,  0.9  gram  of  the  acid  required 
0.2914  gram  of  potassium  hydroxide  for  neutralization,  calcu- 
lated 0,3919  gram. 

PhenylglycocoUorthosulphonic  A  cid. 

It  was  desired  to  prepare  a  sulphonic  acid  corresponding  to 
phenylglycocollorthocarboxylic  acid  and  to  condense  it  to  a 
compound  analogous  to  indigo,  thus  : 

2CeH,(S0,0H)NHCH,C00H     s^ 

CeH  /         >C  :  C<(         >C,H, 

Attempts  were  made  to  condense  anilineorthosulphonic  acid 
with  chloracetic  acid,  just  as  anthranilic  acid  condenses  with 
chloracetic  acid.''  The  proportions  used  correspond  to  those 
recommended  for  anthranilic  acid.  Ten  grams  of  anilineortho- 
sulphonic acid,  6.5  grams  of  chloracetic  acid  and  10.5  grams  of 
sodium  carbonate  were  dissolved  in  320  cc.  of  water  and  the 
solution  boiled  for  several  hours,  under  a  return  condenser. 
The  original  acid  was  recovered  unchanged.  The  same  result 
was  obtained  when  no  sodium  carbonate  was  added.  The  two 
acids  were  then  heated,  in  aqueous  solution,  in  a  sealed  tube, 

1  Hiibner :  Ann.  Chem.  (I,iebig),  aop,  355. 

2  Kreis  :  Loc.  cit.    Gerilowsky :  Ber.  d.  chem.  Ges.,  29,  1075. 
8  Franklin  :  This  Journal,  ao,  462. 

<  Mauthner  and  Suida :  Monats.  Chem.,  9,728.  Heumann :  Ber.  d.  chem.  Ges., 
33,  3432-    German  Imp.  Pat.,  56,  273. 
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with  and  without  the  addition  of  sodium  carbonate,  at  about 
150°,  for  several  hours.  No  evidence  of  condensation  was  de- 
tected. Bromacetic  acid  was  then  tried,  with  the  same  nega- 
tive result.  Similar  attempts  to  condense  sulphanilic  acid  with 
chloracetic  acid  also  failed.  Anthranilic  acid  condenses  very 
readily.  Orthonitraniline  does  not  condense  with  chloracetic 
acid,  but  condenses  readily  with  bromacetic  acid.^  The  failure 
of  the  anilinesulphonic  acids  to  condense  with  chloracetic  acid 
is  probably  to  be  explained  by  the  strongly  negative  character 
of  the  sulphonic  acid  group. 

Phenylglycocollorthocarboxylic  acid  is  easily  prepared  by 
the  action  of  formic  aldehyde  and  hydrocyanic  acid  on  anthran- 
ilic acid,  and  hydrolysis  of  the  resulting  nitrile  :' 

C6H,(C00H)NH,  +  CH,0  +  HCN     = 

CgH,(COOH)NHCH,CN  +  H,0 ; 
CgH,(COOH)NHCH,CN    =-^    C6H,(C00H)NHCH,C00H. 

There  are  two  steps  in  the  first  process,  the  condensation 
with  formic  aldehyde  and  the  subsequent  addition  of  hydro- 
cyanic acid,  thus  : 

C6H,(C00H)NH,+  CH,0  =  CeH,(COOH)N:CH,  +  H,0; 
C„H,(COOH)N:CH,+  HCN    =     C6HJC00H)NHCH,CN. 

This  method  was  found  to  be  very  satisfactory  when  applied  x 
to  anilineorthosulphonic  acid.     The  following  proportions  were    !o 
found  to  give  the  best  results:     Anilinewthosulphonic  acidr-l.'^ 
8.65  grams,   was  dissolved  in   50  cc.  of  hot  water  containing  >^^ 
3.25  grams  of  anhydrous  potassium  carbonate.     Ten   cc.   of    O^ 
hydrochloric  acid,   sp.    gr.    1.16  =  7.3  grams   of   HCl,    were 
added,  and  then  a  concentrated  solution  of  potassium  cyanide, 
till  the  mixture  became  neutral  to  Congo  red  paper.     It  was 
now  made  slightly  acid  by  means  of  a  few  drops  of  concentra- 
ted hydrochloric  acid,  whereupon  3.75  cc.   of  a  40  per  cent 
solution  of  formic  aldehyde  were  added  and  the  mixture  was 
warmed  on  the  water-bath  lor  about  an   hour.     At  the  end  of 
this  time  a  concentrated  solution  of  about  8  grams  of  potas- 

1  Plochl :  Ber.  d.  chem.  Ges.,  19,  7. 

•■»  German  Imp.  Pat.,  117,  924;  120,  105. 
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sium  hydroxide  was  added  and  the  solution  was  boiled  until 
evolution  of  ammonia  ceased.  After  cooling,  enough  hydro- 
chloric acid  was  added  to  precipitate  the  phenylglycocollortho- 
sulphonic acid  as  the  acid  potassium  salt,  which  is  rather  spar- 
ingly soluble  in  cold  water.  It  dissolves  in  concentrated  hydro- 
chloric acid  and  the  free  sulphonic  acid  crystallizes  out  of  the 
solution. 

The  materials  from  which  this  salt  was  obtained  being  com- 
paratively diflScult  to  prepare,  most  of  the  following  experi- 
ments were  made  with  parabromphenylglycocollorthosulphonic 
acid.  This  was  prepared  in  exactly  the  same  way  as  the  bro- 
mine-free compound,  12.6  grams  of  parabromanilineorthosul- 
phonic  acid  being  substituted  for  the  8.65  grams  of  anilineortho- 
sulphonic  acid.  The  acid  potassium  salt  obtained  in  this  way  is 
very  insoluble  in  cold  water.  It  was  recrystallized  from  hot 
water,  from  which  it  is  deposited  in  needles.  The  salt  con- 
tains water  of  crystallization,  but  loses  it  in  varying  amounts 
when  dried  in  the  air.  A  determination  of  potassium  was 
made  on  a  portion  dried  at  125°. 

0.2932  gram  salt  gave  0.0722  gram  K^SO^. 

Calculated  for 
C6H3Br(S020K)NHCH2C00H.  Found. 

K  11.24  11.05 

When  a  solution  of  this  salt,  in  hot  water,  is  rendered  strongly 
acid  with  hydrochloric  acid  and  allowed  to  cool  slowly,  the 
free  sulphonic  acid  is  deposited  in  flaky  crystals.  It  is  very 
soluble  in  water,  much  less  soluble  in  a  rather  concentrated 
solution  of  hydrochloric  acid.  When  titrated,  0.1119  gram 
required  0.0287  gram  of  sodium  hydroxide  for  neutralization, 
calculated  0.0289  gram. 

If  the  free  acid,  contaminated  with  potassium  chloride,  is 
dissolved  in  hot,  absolute  methyl  alcohol,  the  solution  filtered 
and  evaporated  to  a  rather  small  bulk,  the  acid  is  changed  to 
an  ester  acid,  which  can  be  precipitated  by  the  addition  of 
ether.     Analysis : 

0.5841  gram  substance  gave  0.3369  gram  AgBr. 
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Calculated  for 
C9H3Br(SO,OH)NHCH2COOCH3.  -        Found. 

Br  24.66  24.54 

When  titrated,  0.1708  gram  of  the  ester  acid  required  0.0215 
gram  of  sodium  hydroxide  for  neutralization,  calculated  0.02 11 
gram.  The  ester  was  saponified  by  boiling  with  an  excess  of 
a  standard  solution  of  sodium  hydroxide.  By  titrating  the 
excess  of  alkali,  the  amount  consumed  was  determined.  Total 
sodium  hydroxide  used  for  saponification  and  neutralization 
0.0429  gram,  calculated  0.0422  gram. 

Attempts  at  Condensation. 

1.  Phenylglycocollorthocarboxylic  acid  is  converted  into  in- 
digo by  fusing  with  sodium  hydroxide  at  25o°-300°,  dissolving 
the  resulting  mass  in  water  and  passing  air  through  the  solution.^ 
Since  fused  alkali  at  this  high  temperature  replaces  the  sul- 
phonic  acid  group  by  phenolic  hydroxyl,  this  method  of  con- 
densation was  not  tried  on  parabromphenylglycocollorthosul- 
phonic  acid. 

2.  Phenylglycocoll  is  converted  into  indigodisulphonic  acid 
by  the  action  of  fuming  sulphuric  acid.^  Phenylglycocoll- 
orthocarboxylic acid  gives  no  indigo  by  this  method,  but  it 
seemed  desirable  to  try  it  on  the  corresponding  sulphonic  acid. 
Accordingly,  15  grams  of  acid  potassium  parabromphenylgly- 
cocollorthosulphonate  were  added,  slowly,  to  50  grams  of  fum- 
ing sulphuric  acid,  containing  20  per  cent  free  sulphuric  anhy- 
dride, the  temperature  being  maintained  below  40°.  A  consid- 
erable quantity  of  gas  was  evolved  during  the  process  of  solu- 
tion. The  mixture  was  added  to  100  grams  of  fuming  sulphuric 
acid  containing  80  per  cent  free  sulphuric  anhydride  and  al- 
lowed to  stand  for  half  an  hour.  The  acid  was  then  poured  on 
ice.  A  white  solid  separated,  which,  on  crystallization  from 
hot  water,  was  found  to  be  parabromanilineorthosulphonic  acid. 
Analysis : 

0.5693  gram  substance  gave  0.4297  gram  AgBr. 

1  Heumann  :  Ber.  d.  chem.  Ges.,  23,  3432. 

*  Heumann  :  Ibid.,  34,  1476,  3070.    German  Imp.  Pat.,  63,  218  ;  68,  372. 
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Calculated  for 
C«HsBr(NH2)S020H.  Found. 

Br  32.11  31.71 

0.3025  gram  required  0.0478  gram  sodium  hydroxide  for 
neutralization,  calculated  0.0480  gram. 

The  fuming  sulphuric  acid  removes  the  acetic  acid  portion 
of  the  molecule  and  probably  oxidizes  it  to  oxalic  acid,  which, 
of  course,  would  appear  as  carbon  monoxide  and  carbon  diox- 
ide. When  phenylglycocollorthosulphonic  acid  is  treated  with 
fuming  sulphuric  acid  it  evolves  gas  just  as  the  bromine  de- 
rivative does. 


N(C,H,0) 


\r 


3.  Diacetylindoxyl,  CgH,<^  z^CH,  is  very  easily 

\C(OC,H,0)^ 
prepared  by  heating  the  neutral  sodium  salt  of  phenylglyco- 
coUorthocarboxylic  acid  with  acetic  anhydride.*  Carbon  di- 
oxide is  evolved  during  the  reaction  and  the  product  is  insolu- 
ble in  water.  It  is  easily  converted  into  indigo  by  boiling 
with  dilute  alkali.  This  method  of  condensation  was  tried  on 
parabromphenylglycocoUorthosulphonic  acid  by  boiling  5 
grams  of  the  acid  potassium  salt  with  1.5  grams  of  anhydrous 
sodium  acetate  and  25  grams  of  acetic  anhydride  for  some 
time,  under  a  return  condenser.  No  carbon  dioxide  was 
evolved  during  the  reaction.  The  acetic  anhydride  was  dis- 
tilled off  under  reduced  pressure.  The  residue  was  very  solu- 
ble in  water.  The  solubility  of  the  product,  and  the  fact  that 
no  carbon  dioxide  was  evolved  made  it  seem  very  probable 
that  the  substance  obtained  was  still  a  sulphonic  acid  and  that 
the  reaction  had  not  gone  beyond  the  acetylation  of  the  imino 
group. 

4.  The  neutral  esters  of  phenylglycocollorthocarboxylic  acid 
are  very  easily  converted  into  esters  of  indoxylic  acid  by  the 
action  of  sodium  alcoholates.*  Attempts  were  made  to  prepare 
neutral  esters  of  parabromphenylglycocollorthosulphonic  acid 
by  the  action  of  methyl  iodide  on  the  silver  salt  of  the  acid 
methyl  ester,  and  by  the  action  of  dimethyl  sulphate  on  the 
neutral  sodium  salt  of  the  acid,   but   without  success.     No 

1  German  Imp.  Pat.,  113,  240. 

*  Vorlander  and  Schilling :  Ann.  Chem.  (I,iebig),  301,  349. 
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further  attempts  were  made  in  this  direction,  as  the  condensa- 
tion probably  depends  on  the  presence  of  the  carbonyl  group, 
like  all  Claisen  condensations. 

5.  Sodamide  has  been  used  recently  in  place  of  sodium  hy- 
droxide in  the  preparation  of  indoxyl  and  indoxylic  acid  from 
phenylglycocoUorthocarboxylic  acid/  The  application  of  this 
method  to  the  sulphonic  acid  gave  some  promise  of  success, 
because  the  temperature  required  is  lower,  and  the  disturbing 
influence  of  the  fused  alkali  on  the  sulphonic  acid  group  is 
practically  eliminated.  The  sodamide  was  prepared  by  the 
method  of  Dennis  and  Browne.^  No  condensation  product 
could  be  obtained,  however,  when  acid  potassium  parabrom- 
phenylglycocollorthosulphonate  was  heated  at  about  200°  with 
the  sodamide,  or  at  250°  with  the  sodamide  diluted  with  potas- 
sium cyanide. 

These  methods,  used  in  the  preparation  of  indigo  from 
phenylglycocoUorthocarboxylic  acid,  having  failed  when  ap- 
plied to  the  corresponding  sulphonic  acid,  further  attempts  to 
eflfect  the  condensation  did  not  seem  to  be  justified. 

I  desire  to  express  my  thanks  to  President  Remsen  for  sug- 
gesting this  problem  to  me. 

Johns  Hopkins  University, 
June,  1905. 


ON    DERIVATIVES    OF    FORMHYDROXAMIC     ACID 

AND  THE  POSSIBLE  EXISTENCE  OF  ESTERS 

OF  FUEMINIC  ACID.  II. 

By  H.  C.  Biddle. 

It  was  suggested  some  time  ago  by  Nef  that  the  esters  of  ful- 
minic  acid  might  result  by  the  elimination  of  hydrogen  chlor- 
ide from  the  esters  of  chloroformyloxime(formylchloridoxime) . 
In  the  preceding  paper*  I  discussed  the  synthesis  and  general 
properties  of  methylchloroformoxime  and  called  attention  to  the 
peculiar  isonitrile-like  odor  which  is  produced  when  a  solution 

>  German  Imp.  Pat.,  137,  955. 

2  J.  Am.  Chem.  Soc,  a6,  587. 

»  Ann.  Chem.  (Uebig),  380,  340  (1894). 

*  This  Journal,  33,  60  {1895). 
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of  this  ester  in  ether  or  ligroin  is  treated  with  potassium  hy- 
droxide. It  was  thought  at  the  time  that  the  odor  might  be 
due  to  the  formation  of  methyl  fulminate. 

As  a  continuation  of  the  work  has  been  somewhat  retarded 
by  the  diSiculty  of  securing  material,  the  complete  study  of 
the  reaction  has  only  been  recently  effected. 

The  liquid  remaining  after  evaporating  the  ether,  or  ligroin, 
was  distilled  under  diminished  pressure.  From  a  preliminary 
analysis  of  the  colorless  distillate  and  a  determination  of  its 
molecular  weight,  I  was  at  first  disposed  to  consider  that  I  was 
dealing  with  the  ester  (CH3ONC),. 

Subsequent  study  of  the  reaction,  however,  has  shown  that 
the  substance  under  consideration  was  really  methyl  diimino- 
oxalate,  HN  :  C(OCH3)C(OCH3)  :  NH,  and  that,  in  the  action, 
of  potassium  hydroxide  on  methyl  chloroformoxime,  there  is 
produced  not  only  this  body  but  also,  among  other  products, 
methyl  cyaniminocarbonate,  HN  :  C(0CH3)CN,  and  the 
potassium  salts  of  hydrocyanic,  cyanic  and  oxalic  acids.  It  is 
evident  that  no  molecular  rearrangement  of  the  molecule  of 
methyl  fulminate  will  account  for  these  reaction  products  and 
it  is  equally  evident  that  their  occurrence  points  to  the  com- 
plete disruption  of  the  molecule  of  methyl  chloroformoxime. 

In  an  attempt  to  account  for  these  unexpected  results  we 
may  note  that  the  primary  action  which  we  should  naturally 
expect  would  be  expressed  by  the  simple  equation  : 

CHjON  :  CHCl  +  KOH     s-^      CH3ON  :  C  +  KCl  +  H,0. 

It  is  highly  probable  that  the  fulminic  ester  thus  occurs  as 
an  intermediate  product,  but,  if  so,  its  instability  under  the 
conditions  of  the  experiment  evidently  precludes  its  isolation. 

If  it  were  immediately  dissociated  we  should  naturally  ex- 
pect, as  dissociation  products,  carbon  monoxide  or  formic  acid 
and  methyl  hydroxylamine.  The  presence  of  traces  of  potas- 
sium formate  in  the  alkaline  residue  points  to  a  slight  dissocia- 
tion in  this  direction. 

On  the  other  hand,  the  fulminic  ester,  being  unsaturated, 
might  condense  to  form  the  double  molecule. 
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CH3ON  :  C  :  C  :  NOCH3, 

and  this,  in  turn,  suffering  decomposition,  might  be  dissocia- 
ted simultaneously  in  two  directions,  in  one  case  leading  to 
the  formation  of  oxalic  acid  and  methyl  alcohol,  and  in  the 
other  to  the  formation  of  cyanogen  and  methyl  alcohol,  accord- 
ing to  the  equation  : 

3(CH30NC),  +  4H,0     s^ 

6CH3OH  +  H,CA  +  N,  -i-  2C,N,. 

Such  twofold  dissociation  of  the  double  molecule  fully  ac- 
counts for  the  occurrence  of  salts  of  hydrocyanic,  cyanic  and 
oxalic  acids.  It  might  be  urged  that  the  oxalic  acid  arises 
from  the  decomposition  of  the  diiminooxalic  ester,  but,  as 
shown  by  Nef,^  diiminooxalic  esters,  in  the  presence  of  an 
alkali,  under  no  condition  yield  derivatives  of  oxalic  acid. 
This  was  fully  confirmed  in  the  case  of  the  methyl  ester  by  al- 
lowing it  to  stand  in  contact  with  solid  potassium  hydroxide 
for  24  hours.     Not  a  trace  of  potassium  oxalate  was  formed. 

The  occurrence  of  methyl  alcohol  and  cyanogen  serves  fully 
to  explain  the  formation  of  both  cyaniminocarbonic  ester  and 
diiminooxalic  ester  in  the  reaction.  As  shown  by  Nef,^  cyan- 
ogen, in  the  presence  of  an  alcohol  and  in  contact  with  an 
alkali,  absorbs  i  and  2  molecules  of  the  former,  giving  rise  to 
the  esters  just  named, 

C3N,  +  ROH     ^-^     HN  :  C(OR)CN  +  ROH     ^-^ 
HN  :  C(OR)C(OR)  :  NH. 

Diiminooxalic  methyl  ester  was  synthesized  and  compared 
with  the  product  obtained  from  the  action  of  potassium  hy- 
droxide on  methyl  chloroformoxime.  The  methyl  ester  proved 
to  be  a  crystalline  solid,  melting  at  29°. 5-30°. 5.  The  product 
derived  from  methyl  chloroformoxime  was  not  obtained  as  a 
solid,  but,  as  I  shall  show  later,  the  failure  to  solidify  was  due 
to  the  presence  of  traces  of  cyaniminocarbonic  ester,  from 
which,  with  the  small  quantity  at  my  command,  0.5  gram  and 
less,  it  was  found  impossible  to  free  it.     As  regards  composi- 

1  Ann.  Chem.  (Uebig),  387,  284  (1895). 

2  Ibid.,  a87,  223. 
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tion,  constitution  and  general  behavior  towards  reagents,  the 
two  esters  proved  to  be  absolutely  identical. 

From  these  results  it  seems  highly  improbable  that  the 
carbyloxime  esters  will  ever  be  synthesized  by  as  drastic  a 
method  as  that  involved  in  the  elimination  of  hydrogen  chlor- 
ide from  the  esters  of  chloroformoxime.  The  pronounced  ten- 
dency of  the  entire  molecule  to  undergo  dissociation  under  the 
conditions  obtaining  in  the  reaction  naturally  indicates  the 
futility  of  all  synthetic  methods  in  which  this  dissociative  ten- 
dency is  not  greatly  diminished. 

EXPERIMENTAL. 

Action  of  Potassium  Hydroxide  on  Methyl  Chloroformoxime. — 
To  a  well  cooled  solution  of  10  grams  of  methyl  chloroform- 
oxime, in  absolute  ether,  is  added,  gradually,  an  excess  of 
powdered  potassium  hydroxide.  There  arises  immediately  the 
isonitrile-like  odor  already  referred  to  in  the  previous  paper. 
The  action,  slight  at  first,  is  later  accompanied  by  the  evolu- 
tion of  small  quantities  of  an  inert  gas,  possessing  the  general 
negative  properties  of  nitrogen.  During  the  entire  reaction 
the  liquid  remains  perfectly  free  from  any  odor  of  ammonia. 
As  soon  as  the  completion  of  the  action  is  indicated  by  the 
disappearance  of  the  chloride  from  the  solution,  the  ether  is 
decanted  from  potassium  salts,  evaporated  and  the  brown 
liquid  remaining,  less  than  i  gram,  is  distilled  under  dimin- 
ished pressure.  There  is  thus  obtained  approximately  0.5 
gram  of  colorless  liquid,  boiling  at  about  60°  (25  mm.).  The 
small  amount  of  product  naturally  precluded  an  exact  deter- 
mination of  the  boiling  point. 

The  residue  in  the  distilling  bulb,  fully  0.3  gram,  is  con- 
verted into  a  resin  at  a  higher  temperature. 

The  colorless  liquid  was  redistilled  and  analyzed  : 

0.1248  gram  substance  gave  0.1910  gram  CO,  and  0.0796 
gram  H^O. 

0.0787  gram  substance  gave  16.5  cc.  moist  N,  at  13"  and 
752.3  mm. 


350  Biddle. 


Calculated  for 

C4HSO2N2. 

Found. 

c 

41.46 

41.73 

H 

6.90 

7.08 

N 

24.12 

24.6 

A  determination  of  the  molecular  weight  was  made  by  the 
freezing-point  method,  using  benzene  as  solvent. 

o.  1079  gram  substance  in  17.44  grams  of  benzene  gave  a  de- 
pression of  0°.  285. 

0.1 361  gram  substance  in  17.44  grams  of  benzene  gave  a  de- 
pression of  o°.36o. 

Calculated  for  Found. 

C4H8O2N2.  I.  II. 

Mol.  wt.  116  108.5  108.3 

On  treating  the  liquid  with  concentrated  hydrochloric  acid, 
it  is  saponified  to  methyl  alcohol,  ammonia  and  oxalic  acid. 
Not  a  trace  of  methoxylaraine  or  hydroxylamine  is  produced 
in  this  reaction. 

Although  not  in  a  condition  of  absolute  purity,  the  sub- 
stance analyzed  is,  without  doubt,  methyl  diiminooxalate. 
As  will  be  shown  later,  its  general  properties  fully  identify  it 
with  this  ester. 

An  examination  of  the  mixture  of  salts  resulting  from  the 
action  of  potassium  hydroxide  on  methyl  chloroformoxime 
showed  the  presence,  in  quantity,  of  potassium  chloride,  cyanide, 
cyanate,  oxalate  and  carbonate,  together  with  traces  of  potas- 
sium formate. 

The  cyanic  acid  was  detected  by  the  method  suggested  by 
Schneider.^ 

For  the  complete  identification  of  the  methyl  diiminooxalate 
obtained  above,  attention  was  now  turned  to  the  direct  syn- 
thesis of  this  body. 

Methyl  Diiminooxalate,  HN  :  C(OCH3)C(OCH3)  :  NH.— As 
shown  by  Nef,^  the  ethyl  esters  of  cyaniminocarbonic  acid  and 
diiminooxalic  acid  are  formed  by  conducting  chlorine  into  a 
solution  of  potassium  cyanide  in  water-alcohol,  the  course  of 
the  reaction,  as  he  has  indicated,  being  essentially  as  follows  : 

1  Ber.  d.  chem.  Ges.,  38,  1540  (1895). 

2  Ann.  Chem.  (Liebig),  387,   296. 
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The  cyanogen  chloride  produced  is  absorbed  by  potassium 
cyanide,  forming  the  addition  product,  KNC(CN)C1,  which 
is  then  converted  by  the  alcohol  into  cyaniminocarbonic  ester. 
Under  the  influence  of  the  alkali  a  portion  of  the  latter  body 
adds  a  second  molecule  of  alcohol,  thereby  giving  rise  to  di- 
iminooxalic  ester. 

Since  the  methyl  esters  of  cyaniminocarbonic  acid  and  di- 
iminooxalic  acid  had  not  been  prepared,  they  were  synthesized 
according  to  the  general  method  given  by  Nef. 

A  somewhat  rapid  stream  of  chlorine  is  run  into  a  solution 
of  50  grams  of  potassium  cyanide  in  300  grams  of  water  and 
100  grams  of  methyl  alcohol,  cooled  to  — 5°-o°.  As  soon  as 
the  solution,  which  smells  strongly  of  cyanogen  chloride,  be- 
comes weakly  alkaline  or  neutral,  it  is  extracted  with  ether, 
the  ether  extract  is  washed  3  times  with  water  to  remove  alco- 
hol, and  is  then  dried  by  calcium  chloride.  The  brown  oil  re- 
maining after  distilling  off  the  ether  and  cyanogen  chloride, 
was  fractionated  under  diminished  pressure.  It  was  thus 
separated  into  two  parts,  the  larger  portion  boiling  at  33°-34*' 
and  the  lesser  at  54°-55°  (22  mm.)  The  latter  soon  solidified 
in  the  receiver  to  a  mass  of  colorless,  transparent  plates. 

The  larger  fraction,  as  shown  by  a  nitrogen  determination, 
is  methyl  cyaniminocarbonate, 

HN  :  C(0CH3)CN. 

0.12  gram  substance  gave  33.7  cc.  moist  Nj  at  12°  and  757.7 
mm. 

Calculated  for 

C3H4ON2.  Found. 

N  33-33  33.31 

Methyl  cyaniminocarbonate  is  a  colorless,  mobile  liquid, 
boiling  at  33''-34°  (22  mm.).  It  possesses  a  peculiarly  pene- 
trating and  irritating  odor,  somewhat  resembling  that  of  an 
isonitrile  and  practically  identical  with  that  noted  during  the 
early  stages  of  the  action  of  potassium  hydroxide  on  methyl 
chloroformoxime.  The  substance  is  but  slightly  soluble  in 
water.  It  cannot  be  kept  for  any  length  of  time  without  un- 
dergoing marked  decomposition. 


352  Biddle. 

Thus,  if  exposed  to  diffused  sunlight  for  a  few  days,  it  is 
completely  converted  into  a  dark,  resinous  tar. 

The  smaller  fraction,  as  shown  by  analysis,  is  methyl  di- 
iminooxalate,  HN  :  C(OCH3)C(OCH3)  :  NH. 

o- 1593  gram  substance  gave  0.2418  gram  COj  and  o.  1000 
gram  H,0. 

0.0888  gram  substance  gave  18.4  cc.  moist  N^  at  14"  and 
755.3  mm. 


Calculated  for 

C^HgOjNj. 

Found. 

c 

41.46 

41.38 

H 

6.90 

6.97 

N 

24.12 

24.30 

Methyl  diiminooxalate  crystallizes  in  colorless,  transparent 
plates,  melting  at  29°.5-3o'*.5.  It  is  characterized  by  a  pecu- 
liar, sweetish  odor,  which  is  always  noticed  on  the  completion 
of  the  action  of  potassium  hydroxide  on  methyl  chloro- 
formoxime.  The  substance  is  more  stable  than  methyl  cyan- 
iminocarbonate,  although,  on  standing,  it  is  gradually  converted 
into  a  dark  resin. 

lyike  its  homologue,  the  ethyl  ester,  concentrated  hydro- 
chloric acid  saponifies  the  methyl  ester  to  methyl  alcohol,  am- 
monia and  oxalic  acid.  If  added  to  an  excess  of  well  cooled, 
dilute  hydrochloric  acid,  i  con.  acid  :  10  water,  it  is  resolved 
into  ammonia  and  methyl  oxalate.  On  extracting  the  solution 
with  ether  and  evaporating  the  latter,  the  methyl  ester  sepa- 
rates in  characteristic  crystals,  melting  at  54°. 

Methyl  diiminooxalate,  as  synthesized  above,  proved  to  be 
identical  in  every  respect  with  the  product  obtained  by  the  ac- 
tion of  potassium  hydroxide  on  methyl  chloroformoxime,  save 
in  the  fact  that  the  latter  did  not  solidify.  It  can  scarcely  be 
questioned  that  this  failure  to  solidify  is  due  to  the  contamina- 
ting presence  of  a  trace  of  cyaniminocarbonic  ester,  which 
could  not  be  separated  from  the  small  amount  of  substance  ob- 
tained, about  0.5  gram. 

This  appears  not  only  from  the  fact  that  the  product  de- 
rived from  methyl  chloroformoxime  indicated,  by  a  variable  boil- 
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ing  point,  the  presence  of  a  lower  boiling  liquid,  but  also  from 
the  fact  that,  in  one  instance,  in  which  an  excess  of  potassium 
hydroxide  was  avoided,  the  substance  resulting  possessed  the 
properties,  such  as  boiling  point, odor,  etc.,  not  of  the  diimino- 
oxalic  ester  but  of  the  cyaniminocarbonic  ester. 

It  is  evident,  then,  that  in  both  syntheses,  cyaniminocarbonic 
ester  is  first  produced  and  that  this,  in  the  presence  of  the  alkali, 
subsequently  adds  a  molecule  of  alcohol  to  form  the  diimino- 
oxalic  ester. 

As  shown  by  Nef,^  so  pronounced  is  the  tendency  of  ethyl 
cyaniminocarbonate  to  add  alcohol  in  the  presence  of  an  alkali, 
that  the  ester  and  alkali  alone  suffice  to  give  rise  to  diimino- 
oxalic  ester,  the  action  depending  on  the  partial  decomposi- 
tion, and  the  subsequent  addition  of  the  alcohol  to  unchanged 
cyaniminocarbonic  ester : 

HN  :  C(OC,H,)CN  +  2KOH     s-^ 

KNC  +  KOCN  +  C,H,OH  +  H,0. 

The  tendency  of  the  methyl  ester  to  absorb  a  molecule  of 
alcohol  is  equally  pronounced,  as  is  shown  by  the  following  ex- 
periment : 

A  somewhat  rapid  stream  of  chlorine  was  run  into  a  solution 
of  50  grams  of  potassium  cyanide  in  300  grams  of  water  and 
100  grams  of  methyl  alcohol,  cooled  to  — 5°-o°.  As  soon  as 
the  solution  became  neutral  there  was  added  to  it  a  solution  of 
32  grams  of  potassium  cyanide,  in  50  grams  each  of  methyl 
alcohol  and  water. 

After  standing  for  6  hours,  at  2o°-3o°,  the  mixture  was  di- 
luted slightly  with  water  and  extracted  with  ether,  as  in  the 
previous  experiment. 

The  reaction  product  consisted  almost  entirely  of  diimino- 
oxalic  ester  with  a  trace  of  cyaniminocarbonic  ester. 

1  Ann.  Chem.  (Liebig),  287,  282. 

University  of  California, 
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AMINE  DERIVATIVES  OF  MESOXAUC  ESTERS. 

By  Richard  Sydney  Curtiss. 

In  a  former  paper*  the  fact  was  noticed  that  many  ineffectual 
attempts,  by  various  investigators,  have  been  made  to  link 
one  and  two  amine  groups  to  the  methylene  carbon  in  malonic 
esters,  to  form  H,NCH(COOR),  and  (H,N),C(CO,R),.  A 
saponification  was  always  first  effected  and  an  amine  formed 
whenever  ammonia  was  allowed  to  act  on  the  haloid  esters  : 

X.-2C(C00R),    ^-^     Xi-,C(CONH,),. 

More  recently  Willstatter^  has  tried,  unsuccessfully,  to  dis- 
place the  two  negative  groups  in  ethyl  bromnitromalonate, 
NOjCBrCCOjCjHj),,  by  the  amino  group,  working  with  ammo- 
nia in  alcohol,  water  and  ether  solutions.  The  bromine  was 
eliminated  and  salts  of  the  base  with  ethyl  isonitromalonate 
O 

are  formed,  UO'N^~^C(CO,C,H,),. 

The  first  successful  results  recorded  in  this  line  of  work 
were  those  obtained  when  negatively  substituted  ammonias 
(aniline,  etc.)  were  used  with  brominated  malonic  esters.  In 
this  manner  ethyl  anilinomalonate,  CgH^NHCHCCOjC^HJ^,  and 
ethyl  dianilinomalonate,  (CgHjNHj.CCCOjC.HJj,'  as  well  as  a 
series  containing  substituting  groups  in  the  benzene  ring  were 
made.*  The  only  aminomalonic  ester  containing  an  amine 
group  relatively  more  positive  than  ammonia  has  recently 
been  made  by  the  action  of  dimethylamine  on  raethyldibrom- 
malonate.*  This  resulted  in  the  formation  of  methyl  tetra- 
methyldiaminomalonate,  [(CH3),N],C(CO,CH3),.  O.  Piloty 
and  J.  Neresheimer®  have  recently  obtained  ethyl  aminoma- 
lonate. 

1  This  Journal,  19,  691. 

«  Ber.  d.  chem.  Ges.,  34.  1775- 

3  This  Journal,  19,  693,  698. 

*  Ibid.,  30,  133. 

5  Willstatter  :  Ber.  d.  chem.  Ges.,  35,  1378. 

^Ibid.,  39,  514  (1906). 
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Some  time  ago/  while  engaged  in  a  study  of  the  arylamine 
derivatives  of  ethyl  malonate,  the  action  of  2  molecules  of  aniline 
on  a  molecule  of  ethyl  oxomalonate,  OCCCOjCjHj)^,  was  tried. 
Heat  was  generated  on  mixing  the  substances  and,  after  24 
hours,  balls  of  long,  prismatic  crystals  were  found  in  the  oil. 
This  substance  melted  at  Ii7°-ii8°  (uncorr.),  and  agreed  in 
this  and  other  characteristics  with  ethyl  dianilinomalonate, 
(C6H5NH)jC(COjC2H5\,  the  product  which  is  formed  by  the 
action  of  aniline  on  ethyl  dibrommalonate.^  This  result,  how- 
ever, was  not  published  at  the  time.  Subsequently,  Conrad 
and  Reinbach^  described  the  reactions  between  these  two  sub- 
stances using,  however,  the  free  acid  instead  of  its  ester. 
They  obtained  dianilinomalonic  acid  from  the  aniline  salt  first 
produced  and  suggest  that  the  esters  may  be  so  formed  by  the 
action  of  aniline  on  ethyl  and  methyl  oxomalonate.  Schmitt* 
has  recently  tried  this  reaction.  His  product  of  the  action  of 
aniline  on  ethyl  mesoxalate  called  "  bisanilide  de  mesoxalate 
d'ethyle"  must  be  very  impure,  however,  as  he  gives  its  melt- 
ing point  as  103°,  whereas  it  really  melts  at  117°-!  i8°*  (un- 
corr.), when  pure. 

In  like  manner  he  has  prepared  methyl  dianilinomalonate 
and  gives  its  melting  point  as  113°. 5.  Conrad  and  Reinbach,* 
who  first  made  this  substance,  found  that  it  melted  11°  higher, 
viz.,  at  125°.  No  analytical  figures  accompany  Schmitt's 
work.  He  has,  apparently,  overlooked  both  papers  in  which 
the  properties  of  these  two  substances  are  described. 

Petriew'  studied  the  effect  of  an  aqueous  solution  of  ammo- 
niaonethyl  dihydroxymalonate.  Heobtained  "yellow deliques- 
cent crystals"  of  dihydroxymalonamide,  (HO)2C(CONH2).. 
The  ester  was,  therefore,  saponified.  I  have  succeeded  in  get- 
ting an  action  with  dry  ammonia  gas  on  the  ketone  group  in  ethyl 
oxomalonate,    OCCCOjCjHj)     forming   an  unstable,    addition 

1  This  Journal,  19,  701. 

^  Ibid.,  19,  695. 

«  Ber.  d.  chem.  Ges.,  35,  1820. 

*  Compt.  rend.,  141,  49. 

5  This  Journal,  19,  695. 

•  Loc.  cit. 

1  J.  russ.  Chem.  Ges.,  io>  76.    Beilstein  :  "  Handbuch  d.  Org.  Chem.,"  I,  1398. 
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COH(COAH,), 


product,   HN<^  ,    while    leaving    intact     the 

VOHCCOAHJ, 
usually  reactive  ester  part  of  the  molecule. 

The  Action  of  Ammonia  on  Ethyl  Dihydroxymalonate. 

When  studying  the  action  of  ammonia  gas  on  ethyl  dihy- 
droxymalonate it  was  noticed  that  the  results  vary  greatly 
with  the  conditions  of  the  experiment.  To  obtain  a  fairly  pure 
product  a  low  temperature  is  necessary,  as  well  as  a  properly 
chosen  solvent  and  drier.  Seven  and  six-tenths  grams  of 
pure  ethyl  dihydroxymalonate  were  dissolved  in  120  cc.  of  dry 
benzene.  To  remove  the  water  formed  in  the  reaction  about 
70  grams  of  zinc  chloride,  in  small  sticks,  were  added,  and  im- 
mediately thereafter,  ammonia  gas,  carefully  dried  over  sticks 
of  potassium  hydroxide,  was  passed  into  this  solution.  The 
whole  was  kept  at  the  freezing  point  of  the  solvent.  Care  was 
also  taken  to  avoid  atmospheric  moisture  entering  the  appara- 
tus. After  a  few  seconds  the  clear,  colorless  solution  becomes 
cloudy,  due  to  the  separation  of  water.  After  20  minutes  this 
begins  to  disappear  and  in  2  minutes  more  the  solution  is  again 
water-clear  and  the  action  is  over.  The  increase  in  weight  of 
the  mass  is  about  3  grams.  Toward  the  end  of  the  operation 
a  faint  tint  of  yellow  appears,  due  to  an  oily  impurity  which  is 
very  difficult  to  remove.  If  the  operation  is  carried  out  at 
ordinary  room  temperatures  this  is  largely  increased.  The 
solution  is  now  allowed  to  stand  for  10  minutes  in  the  freezing 
mixture  and  then  filtered  from  the  encrusted  zinc  chloride. 
The  benzene  is  removed  from  the  clear  filtrate  by  distillation 
from  a  water-bath  at  50°  (80  mm.)  ;  6.8  grams  of  a  yellowish- 
white,  crystalline  mass  remain  in  the  distilling  flask.  This 
was  at  once  dissolved  in  125  cc.  of  warm,  dry  ether  and  filtered 
from  a  little  yellowish- white  impurity.  The  solution  was 
cooled  in  ice-water,  and  the  crystals  which  separated  on  stand- 
ing 15-20  minutes  were  filtered  off".  The  ethereal  filtrate  is 
slightly  opalescent.  The  formation  of  the  substance  which 
causes  this  increases  slowly,  hour  by  hour,  in  the  solution,  so 
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that  it  is  necessary  to  crystallize  quickly  and  avoid  the  mois- 
ture of  the  air  coming  in  contact  with  the  substance. 

The  new  compound  was  recrystallized  once  or  twice  from 
dry  ether,  until  the  melting-point  showed  no  change.  It  melts 
at  io3°-io5°  on  quickly  heating;  the  melting  point  is  not  sharp, 
as  it  commences  to  decompose  as  soon  as  superficially  melted. 
The  colorless  oil  at  first  formed  instantly  begins  to  turn  amber- 
yellow  while  giving  off  a  colorless  gas.  If  melted  in  a  test 
tube,  ammonia  is  given  off  in  quantity  at  105*'-!  10°. 

Analysis  of  the  substance,  recrystallized  from  dry  ether  and 
dried  in  a  vacuum  over  solid  potassium  hydroxide  : 

I.  0.2494  gram  substance  gave  9.500.  Nat  25°  and  736.4 
mm. 

II.  0.2976  gram  substance  gave  10.2  cc.  N  at  24°  and  756.3 
mm. 

III.  0.2252  gram  substance  gave  0.3832  gram  CO,  and 
0.1237  gram  H,0. 


Calculated  for 
,COH(C02C2H6)i, 

\COH(C02C2H5)2 

I. 

Found. 
II. 

III. 

c 

H 

46.02 
6.30 

•      • 

•     • 

46.35 
6.08 

N 

3-84 

4.26 

403 

.     . 

The  substance  is  ethyl  dihydroxyiminodimalonate  and  ap- 
pears to  be  formed  by  the  substitution  of  the  imine  group  in 
place  of  two  hydroxyl  groups  in  2  molecules  of  ethyl  dihydroxy- 
malonate,  {}10)S^{Q.0^C^^^)^,  or  by  direct  addition  of  ammo- 
nia to  the  keto  group  in  ethyl  oxomalonate,  from  which 
it  can  also  be  made.  It  crystallizes  from  ether  in 
flat,  rectangular  tablets  ;  if  the  solution  be  poured  on  a  watch- 
glass,  in  beautiful,  large,  fern-like  sprays.  It  is  very  easily 
electrified  when  rubbed  with  glass.  It  is  insoluble  in  carbon 
bisulphide,  slightly  soluble  in  ligroin.  It  dissolves  fairly  well 
in  ether,  easily  in  benzene  and  acetic  ether,  very  easily  in  ace- 
tone and  chloroform.  It  is  insoluble,  as  such,  in  cold  water, 
but  is,  however,  quickly  decomposed  by  it.  The  solution  in 
water  smells  strongly  of  ammonia  and  gives,  on  evaporation 
in  a  vacuum,  ethyl  dihydroxymalonate,  m.  p.  57°.     It  is  dis- 
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sociated  in  the  same  manner,  though  more  slowly,  by  standing 
in  moist  air,  and  also  by  solution  in  alcohol.  It  can  be  kept, 
when  pure,  in  a  desiccator  over  solid  potassium  hydroxide  for 
weeks,  without  losing  ammonia. 

Phosphorus  pentachloride  (i.  mol.),  mixed  with  the  crys- 
tals, generates  heat  and  soon  causes  a  semi  solution,  evolving 
large  quantities  of  hydrogen  chloride.  The  resulting  product 
has  not  been  fully  investigated. 

The  study  of  the  reactions  of  mesoxalic  esters  with  ammonia 
derivatives  and  hydrazines  will  be  continued, 

Urbana,  III., 
Feb.  24,  1906. 


REPORTS. 

The  Oxidation  of  Atmospheric  Nitrogen  with  Reference  to  the 
Manufacture  of  Nitrates  and  Nitric  Acid. 

( 1 )  Die  Nutzbarmachung  des  L,uf tstickstoffs.  Rede,  gehalten 
bei  der  ErofiFnung  des  neuen  technisch-chemischen  Instituts 
der  Koniglichen  technischen  Hochschule  zu  Berlin,  am  25ten 
November,  1905,  Von  dem  Director  des  Instituts,  Geheimer, 
Regierungsrat  Prof.  Dr.  Otto  N.  Witt.^ 

(2)  Ueber  die  Oxydation  des  StickstoflFes  in  der  Hochspan- 
nungs-flamme.  Von  Johannes  Erode,  Ph.D.,  Privatdozent  fiir 
physikalische  Chemie  und  Electrochemie  an  der  Technischen 
Hochschule  zu  Karlsruhe,  Baden.  Halle  :  Wilhelm  Knapp. 
1905.     63  pp.  Price,  M.  2.50. 

Prof.  Witt's  speech  and  Dr.  Brode's  monograph  together 
cover  the  subject  ;  the  former  is  a  popular  description  of  the 
Birkeland-Eyde  process,  is  illustrated  by  diagrams  and  photo- 
graphs, and  may  be  considered  authoritative,  as  the  inventors 
were  present.  The  latter  goes  deeper  into  the  subject  of  nitro- 
gen oxidation,  and  includes  investigations  of  high-tension 
flames  by  Erode  and  by  others,  giving,  also,  minuter  details  of 
the  technical  processes  than  does  Witt. 

We  owe  the  first  experiments  on  the  oxidation  of  atmos- 
pheric nitrogen  to  Cavendish,^  who,  in  1781,  noticed  that  the 
water  formed  by  burning  hydrogen  in  an  excess  of  air  contains 
nitric  acid,  and  in  1786^  showed  that  all  of  the  nitrogen  in  a 
volume  of  air  can  be  burned  if  enough  oxj'gen  is  added  and 

•  Chem.  Indus.,  a8,  699,  1905. 

2  Thorpe  :  "  Essays  in  Historical  Chemistry,"  p.  83. 

*Phil.  Trans.,  75,  372. 
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energy  enough  supplied  in  the  form  of  electric  sparks  ;  a 
small  bubble  of  gas  always  remained  unburned,  as  Cavendish 
observed,  which  bubble  Rayleigh/  repeating  the  experiment 
100  years  later,  showed  to  be  argon.  Priestley  made  observa- 
tions similar  to  those  of  Cavendish  at  about  the  same  time.* 
Spottiswoode.Mn  1880,  found  that,  under  certain  conditions,  the 
discharge  of  an  alternating  current  with  high  potential,  in  air,  is 
not  in  the  form  of  sparks  or  of  an  arc,  but  has  the  form  of  a 
perfect  flame.  Subsequent  attempts  to  utilize  the  Cavendish 
reaction  have  little  technical  or  scientific  interest  till  1895, 
when  Naville  and  Guye*  showed  that  where  there  is  a  certain 
concentration  of  nitrous  gases  in  contact  with  the  sparks,  the 
ratio  of  oxidation  to  energy  employed  lessens  greatly  ;  hence, 
oxidized  air  should  be  instantly  removed  from  the  sparking 
space  ;  it  must  not  be  passed  through  again,  and  the  sparking 
chamber  should  be  as  small  as  possible,  to  hinder  diffusion  of 
oxidized  air  into  the  fresh  air  entering.  In  the  same  year 
Lord  Rayleigh  and  Sir  William  Ramsay  discovered  argon,  and 
Rayleigh,*  repeating  the  Cavendish  experiment,  determined 
the  ratio  of  energy  used  to  nitric  acid  obtained.  As  his  aim 
was  to  isolate  argon,  he  used  a  mixture  of  i  vol.  of  nitrogen 
and  2  vols,  of  oxygen.  From  this  mixture  he  obtained  49 
grams  of  HNO3  per  kilowatt  hour.®  Rayleigh's  work  led 
Dougall  and  Howies'  to  a  careful  study  of  methods  of  increas- 
ing the  yield.  They  employed  an  alternating  current  of  60 
periods  per  second,  with  varied  resistance.  Their  most  impor- 
tant discovery  was  that,  with  a  given  potential,  the  ratio  of 
acid  formed  to  current  employed  falls  as  the  current  increases. 
Their  best  yield  from  the  Rayleigh  nitrogen-oxygen  mixture 
was  65  grams  of  nitric  acid,  and  from  air  33.6  grams  of  nitric 
acid  per  kilowatt  hour,  with  0.15  ampere  current,  60  periods 
per  second  and  8,000  volts  potential,  while  with  0.3  ampere 
about  half  the  relative  amount  of  acid  was  obtained.  Their 
work  was  confirmed  and  enlarged  by  DeKowalski  and  Moseicki,® 
who  showed  that  the  yield  of  acid  can  be  increased  by  using  a 
rapid  alternating  current.  With  a  current  of  0.05  ampere, 
6,000  to  10,000  periods  per  second  and  a  tension  of  50,000 
volts,  they  obtained  55  grams  HNO,  per  kilowatt  hour  from 
air. 

1  Phil.  Trans.,  186,  197. 

»  /bid.,  78,  473. 

3  P.  Roy.  Soc.  30,  174. 

*  German  Patent,  No.  88,320. 

6  Phil.  Trans.,  186,  197. 

6  In  this  report  the  weight  of  nitric  acid— HNO3— per  kilowatt  hour,  calculated 
from  the  amount  of  nitrogen  oxidized,  is  used  as  relative  measurement.  It  must  not 
be  understood  that  concentrated  nitric  acid  was  actually  made. 

'  Manchester  Memoirs,  44,  I  ;  Various  patents. 

8  Soci6t6  internationale  des  Electriciens,  2  Serie,  III.,  No.  26.  Electrotechnische 
Zeit.,  1904,  p.  27. 
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Bradley  and  lyovejoy's^  patent  was  exploited  by  the  Atmos- 
pheric Products  Co. ,  with  works  at  Niagara  Falls.  For  the 
continuous  arc  of  weak  intensity  used  by  Rayleigh,  Dougalland 
de  Kowalski,  these  two  later  inventors  raised  the  yield  of  acid  by 
substituting  arcs  quickly  torn  away  from  the  electrodes,  thus 
giving  a  rapid  series  of  isolated  sparks  or  arcs.  Their  ap- 
paratus is  illustrated  in  Fig.  I.     A  rotating  vertical  axis  car- 


ries a  circle  of  electrodes  a,  projecting  from  the  axis  at  a  right 
angle  to  it.  Opposite  to  them,  on  the  periphery  of  a  circle, 
are  a  number  of  electrodes  h,  each  connected  with  induction 
coils  c  ;  as  the  axis  rotates,  a  moving  electrode  approaches  a 
fixed  electrode  and  an  arc  forms,  which  tears  off  as  the  axis 
rotates,  but,  in  the  interval,  other  electrodes  have  approached, 
forming  new  arcs.  The  resistance  of  the  induction  coil  causes 
a  sudden  expenditure  of  energy  at  the  instant  the  arc  is  torn 
away,  with  resulting  high  temperature  ;  as,  in  the  next  in- 
stant, no  heat  is  generated  at  this  point,  sudden,  extreme  cool- 
ing occurs.  Their  maximum  yield  was  88  grams  of  nitric  acid 
per  kilowatt  hour.  They  used  direct  current  and  10,000  volts 
tension.     Work  stopped  in  the  summer  of  1904. 

Before  further  consideration  of  the  technical  processes,  let  us 
turn  to  the  theory  of  the  oxidation,  as  stated  by  Dr.  Erode. 
When  air  is  heated  to  about  2000°  or  higher,  nitrous  gases  are 
formed,  no  matter  whether  the  high  temperature  is  attained 
chemically,  by  burning  hydrogen,  magnesium,  etc.,  or  phys- 
ically, using  electric  arcs  and  sparks,  or  higher  resistance. 
Therefore,  the  conditions  of  oxidation  are  neither  chemical  nor 
electrical,  but  simply  thermal.  When  the  nitrous  gases  thus 
formed  are  shaken  with  water,  a  mixture  of  nitric  and  nitrous 

1  Klectrochem.  Ind.,  i,  20,  100,  386.    Cf.  various  patents. 
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acids  is  produced,  H,0  +  2N0j  =  HNO3  +  HNO,.  Thatnitro- 
gen  peroxide,  NO^,  was  not  formed  in  the  flame  is  proved  by 
the  fact  that  this  gas  decomposes  into  nitric  oxide  and  oxygen 
at  620°.  Similarly,  nitrous  oxide,  nitrogen  tetroxide,  nitro- 
gen trioxide  and  nitrogen  pentoxide  are  excluded.  There  re- 
mains, therefore,  only  nitric  oxide,  which  is  formed  in  the 
flame  and,  on  cooling,  combines  with  oxygen  of  the  air  to 
form  nitrogen  peroxide. 

The  equilibrium  of  the  reaction  N,  +  O^  ^  2NO,  according 
to  the  law  of  mass  action,  is  governed,  for  every  temperature, 

''NO 
by  the  function  K  =     ^  ,^.,   .     As  the  equilibrium  of  a  chem- 
''O2  "N^  ^ 

ical  reaction  changes  in  the  sense  that  the  concentration  of 
substances  whose  formation  is  endothermic  increases  with  the 
temperature,  and  as  the  formation  of  nitric  oxide  is  endother- 
mic, K  rises  with  increasing  temperature  and  approaches  zero 
as  the  temperature  falls.  If  the  reaction  velocity  remained  the 
same  for  all  temperatures,  no  matter  how  great  the  value  of  K 
at  high  temperatures  might  be,  no  nitric  oxide  would  be 
formed,  because,  at  a  given  high  temperature,  if  a  certain  con- 
centration were  attained,  as  the  temperature  was  lowered  the 
concentration  would  lessen  with  the  lowering.  The  reaction 
velocity,  however,  depends  chiefly  on  temperature  ;  in  this  re- 
action it  is  immeasurably  small  at  1000°,  very  great  at  2000°. 
This  change  renders  it  possible  to  nearly  retain  the  high  tem- 
perature concentration  by  quickly  cooling  the  gases  ;  of  course 
some  nitric  oxide  must  be  decomposed  as  the  temperature  falls, 
but  the  more  rapid  the  cooling  the  less  the  decomposition. 

Hence  the  ideal  nitric  oxide  formation  requires  high  tem- 
perature and  rapid  cooling.  These  conditions  may  be  realized 
in  a  laboratory  by  an  electrically  heated  platinum  wire  in  the 
axis  of  a  cooled  tube,  but  the  temperature  at  which  the  yield 
of  nitric  oxide  is  enough  for  a  technical  process  lies  far  above 
the  fusion  point  of  platinum,  and,  for  technical  use,  only  elec- 
tric discharges  need  be  considered.  These  are  of  two  types, 
arcs  and  flames  ;  before  comparing  them  we  must  understand 
the  nature  of  the  flame. 

Spottiswoode's  observations  were  carried  further  by  Rayleigh 
and  by  Kowalski,  who  showed  that  an  electric  flame  cannot  be 
formed  directly  by  a  constant  tension  current,  but  that  high 
resistance,  by  induction  coils,  is  needed.  Muthmann  and  Hofer* 
published  an  extended  study  of  the  flame  which  is  carried  on 
by  Erode  in  a  part  of  this  monograph.  They  tried  to  deter- 
mine the  scientific  basis  of  the  technical  processes,  and  were  the 

1  Ber.  d.  chem.  Ges.,  36,  438  (1903). 
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first  to  prove  clearly  that  the  nitrogen  oxidation  is  a  purely 
thermal  effect.  They  showed  that,  in  the  electric  flame,  an 
equiUbrium  of  nitrogen,  oxygen  and  nitric  oxide  is  formed. 
Their  description  of  the  flame  is  as  follows  :  The  nitrogen- 
oxygen  flame  resembles  in  form  a  gas  flame  issuing  from  a  slit 
burner.  Three  zones  can  be  distinguished  ;  zone  i  is  a  green- 
ish white  band  of  light,  filling  an  arched  space  between  the 
electrodes  ;  above  this  is  zone  2,  a  luminous,  greenish  blue 
zone  which,  with  4  cm.  distance  between  electrodes,  is  about  5 
cm.  high  ;  this  is  surrounded  by  zone  3,  a  large  outer  zone 
"pale  yellowish-brown"  in  color.  The  size  of  the  flame  increases 
with  the  distance  between  the  electrodes.  Muthmann  thinks  that 
electrical  action  occurs  only  in  zone  i,  the  oxidation  of  nitro- 
gen to  nitric  oxide  in  zone  2,  and  the  oxidation  of  nitric  oxide 
to  nitrogen  peroxide  in  zone  3.  Erode  proves  that  electrical 
action  is  confined  to  zone  i,  by  introducing  solids  into  the 
three  zones  ;  a  solid  may  be  brought  into  zone  2  or  3  without 
altering  the  strength  of  the  current  or  its  tension,  but  if  a  solid 
is  brought  into  the  upper  part  of  zone  i  it  flattens  the  arch, 
shortening  the  distance  of  zone  i  between  the  electrodes,  thus 
increasing  the  strength  of  the  current  and,  if  the  solid  is  intro- 
duced into  the  lower  part  of  zone  i ,  it  lengthens  the  zone  and 
thus  decreases  the  current  strength. 

Enough  has  been  said  of  the  flame  to  understand  a  compari- 
son of  the  technical  value  of  flame  and  arc.  In  the  flames  the 
hottest  space  is  comparatively  small,  and  the  different  tempera- 
ture zones  are  approximately  equal  in  area,  hence  the  condi- 
tions for  cooling  are  bad.  With  intermittent  sparks  or  arcs  a 
larger  heated  area  for  nitric  oxide  formation  is  secured,  while 
the  cooling  process  is  rapid,  because  there  are  no  zones  of 
diminishing  temperature  as  in  the  flame,  and  also  because, 
while  a  flame  is  a  continuous  source  of  heat,  broken  arcs  or 
sparks  give  alternate  heating  and  cooling  periods. 

To  sum  up  :  The  technical  process  should  employ  intermit- 
tent arcs  or  sparks,  should  work  with  low  current  and  high  re- 
sistance, should  use  a  rapid  alternating  current,  should  secure 
temperatures  of  2000°  and  upwards,  should  provide  rapid  cool- 
ing of  the  gases,  and  should  have  a  sparking  chamber  so  ar- 
ranged that  a  current  of  air  passes  quickly  but  thoroughly 
through  to  the  zone  of  highest  heat  and  out  of  the  chamber. 
It  will  be  noticed  that  the  need  of  a  low  current  must  mean 
low  total  yield  of  acid,  and  this  is  the  weak  spot  in  the  previous 
processes.  Birkeland,  who  is  professor  of  physics  in  the  Uni- 
versity of  Christiana,  and  Eyde,  who  is  a  Norwegian  civil  en- 
gineer, have  invented  a  process*  which  meets  these  demands 

1  Electrochem,  Indus.,  a,  399.    Various  patents. 
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excepting  that  for  a  low  current  ;  the  inventors,  instead  of 
working  with  arcs  of  the  lowest  possible  amperage,  make  the 
first  technical  application  of  a  phenomenon  previously  known 
to  physicists,  the  action  of  the  magnetic  field  on  the  arc.  Both 
Witt  and  Erode  think  this  process  a  technical  and  financial 
success  ;  Witt  is,  without  doubt,  an  authority  on  questions  of 
technical  chemistry. 

The  inventors  use  a  powerful  current  of  electricity  in  the 
form  of  great  glowing  electric  discs,  which  are  built  up  of  arcs 
deflected  by  powerful  magnets  as  shown  in  Figs.  II.  and  III. 


r^mmmh~Q-l 


Fig.  II. 


Fig.  III. 


An  induction  coil.  Fig.  II.,  A  is  introduced  into  the  circuit 
and  the  electrodes  BB  are  placed  horizontally.  Vertical  to  the 
electrodes  are  powerful  electromagnets ;  the  arc  formed  be- 
tween the  electrodes  is  blown  away,  as  it  were,  by  the  influ- 
ence of  the  magnetic  field,  and  at  once  a  new  arc  is  formed 
which  is  blown  away  ;  this  process  can  be  repeated  1000  times 
a  second,  though  in  practice  only  a  few  hundred  arcs  per 
second  are  used.  With  alternating  current  arcs  and  direct  cur- 
rent magnetic  field,  or  -vice  versa,  the  arcs  vibrate  between  the 
electrodes  as  circular  discs,  as  indicated  in  Fig.  II.  With  30 
kilowatts  energy  discs  of  i  meter  diameter  can  be  formed. 
The  electrodes  are  brought  so  close  together  that  they  would 
be  short-circuited  were  it  not  for  the  magnetic  field  whose  dis- 
persing influence  gives  sufiScient  resistance.  The  hollow  elec- 
trodes are  of  copper,  cooled  internally  by  water.  Fig.  III.  il- 
lustrates the  application.  M  is  a  magnet ;  between  its  poles  is 
the  discharge  furnace  A,  resembling  in  form  a  shallow  covered 
box,  into  which  extend  the  electrodes  CC  ;  the  electric  disc  is 
indicated  by  the  circular  dotted   lines ;    air   passes  rapidly 
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through  the  tubes  T  and  u,  over  the  disc  and  out  of  the  fur- 
nace. In  practice  the  furnace  is  built  of  fire-clay  plates,  cov- 
ered externally  with  copper,  and  is  shown  in  its  latest  form  in 
Fig.  IV.,  where  A  A  are  electrodes,  B  B  magnets. 


Fig.  IV. 


This  large  furnace  works  with  an  energy  of  500  kilowatts 
and  5000  volts  tension,  with  alternating  current  arcs  and  direct 
current  magnetic  field.  The  electric  disc  is  2  meters  in  diame- 
ter, and  its  dazzling,  sun-like  appearance  is  photographed  in 
Fig.  V. 

The  yield  is  about  100  grams  of  HNO3  per  kilowatt  hour,  an 
advance  on  the  88  grams  of  the  Bradley  and  Lovejoy  process, 
but  this  comparison  in  no  sense  represents  the  immense  advan- 
tage of  the  Birkelaud-Eyde  process.  The  point  is  that,  with 
the  electric  disc,  the  inventors  employ  500  kilowatts  energy  in 
one  furnace,  whereas,  by  other  processes,  not  more  than  500 
watts  could  be  employed  in  one  furnace.  Thus  Birkeland  and 
Eyde  can  make  1000  times  as  much  acid  in  one  furnace  in  a 
given  time  as  any  of  their  predecessors.  Their  new  factory  at 
Notodden  is  equipped  with  three  of  the  large  furnaces  de- 
scribed, and  the  yield  is  the  amount  of  nitrate  corresponding  to 
1500  kilos  of  HNO3  per  lo-hour  day.  The  company  exploit- 
ing the  patent  has  options  on  the  use  of  Norwegian  waterfalls 
which  will  yield  350,000  horse  power  at  a  very  low  price,  with 
water  carriage  to  the  sea. 
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The  product  of  the  process  is  a  mixture  of  unchanged  air 
and  nitric  oxide,  containing  2  per  cent  of  the  latter,  the  oxide, 
of  course,  combining  with  the  oxj^gen  of  the  air  to  form  di- 
oxide, which,  in  turn,  with  water  yields  nitric  acid  and  nitric 
oxide,  3NO,  +  H,0  =  2HNO3  +  NO.  This  diluted  product  is 
unavoidable,  as  shown  by  Naville  and  Guye,  but  forms  the 
chief  objection  raised  by  critics  against  all  previous  processes. 
The  following  figures  will  show  the  reason  :  The  actual  cost 
of  the  electrical  energy  required  for  the  oxidation  is  small.  If 
we  say  0.5  pfennig  per  kilowatt  hour  (at  Notodden  it  is  less) 
and  assume  that  10  kilowatt  hours  energy  =  i  kilo  HNO3 ; 
or,  in  other  words,  that  the  energy  required  to  produce  the 
nitrous  gases  sufl5cient  to  yield  i  kilo  of  concentrated  nitric  acid 
costs  5.2  pfennigs  or  about  1.2  cents,  then,  as  the  German  mar- 
ket price  of  crude  nitric  acid  is  50  pfennigs  or  12  cents  per 
kilo,  this  is  10  times  the  price  of  the  energy  ;  hence,  as  Haber 
pointed  out  in  1903,^  the  difficulty  is  less  in  the  production  of 
the  nitrous  gases  than  in  changing  these  gases  to  concentrated 
nitric  acid.  This  last  problem  has  not  yet  found  its  technical 
solution ;  doubtless  it  will  be  solved,  just  as  the  similar  prob- 
lems of  the  technical  treatment  of  sulphur  dioxide  to  form  sul- 
phuric acid  and  sulphur  trioxide  have  been  solved.  For  the 
present,  the  only  economical  treatment  is  to  market  the  prod- 
uct in  the  form  of  calcium  nitrate.  In  former  processes  the 
nitrous  gases  were  conducted  directly  into  milk  of  lime,  form- 
ing a  mixture  of  nitrate  and  nitrite,  which,  though  a  good  fer- 
tilizer, was  very  hygroscopic  and  impossible  to  handle  com- 
mercially. 

The  methods  by  which  Birkeland  and  Eyde  have  improved 
and  simplified  this  treatment  are  interesting  :  The  hot  nitrous 
gases  coming  from  the  furnace  are  cooled  by  passing  under 
boilers,  thus  generating  steam  which  is  used  to  concentrate  the 
calcium  nitrate  solutions.  The  cooled  nitrous  gases  reach  the 
"  oxidation  towers,"  which  are  lined  with  acid-proof  stone, 
and  merely  serve  to  lessen  the  movement  of  the  gas  current, 
giving  the  gas  more  time  for  oxidation.  The  gases  now  go  to 
the  "absorption  towers;"  these  are  built  of  granite  and  filled 
with  pieces  of  quartz.  Water  drips  constantly  through  this 
tower,  absorbing  the  dioxide  ;  the  nitric  acid  which  flows  out 
is  returned  again  and  again  until  it  is  concentrated  to  50  per 
cent  HNO3.  The  gases  from  the  three  Notodden  furnaces  pass 
through  8  absorption  towers,  which  extract  the  acid  so  far  that 
further  treatment  with  water  is  useless.  The  gases  then  pass 
through  two  towers  filled  with  milk  of  lime  and  one  filled  with 

'  Z.  Elek.  Chem.,  9,  385. 
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dry  quicklime  ;  all  oxidized  nitrogen  is  absorbed  ;  the  product 
is  chiefly  calcium  nitrite,  which  is  treated  in  closed  vessels  with 
some  of  the  50  per  cent  nitric  acid,  and  the  resulting  nitrous  gas 
passed  into  the  "  oxidation  towers,"  where  it  is  oxidized  quan- 
titatively to  nitric  acid.  All  of  the  nitric  acid  is  neutralized 
with  limestone,  the  solution  is  added  to  that  from  the  nitrite 
treatment,  evaporated  and  fused  ;  the  molten  mass  is  run  into 
iron  drums  and  solidifies  on  cooling. 

This  product  is  not  the  hygroscopic  nitrate  Ca(N03)2,  but  a 
basic  nitrate  which  powders  readily  and,  in  contact  with  the 
soil,  i.  e.,  carbon  dioxide  and  moisture,  breaks  down  into  nor- 
mal calcium  nitrate  and  calcium  carbonate  ;  that  this  is  good 
for  soils  poor  in  lime,  that  lime  is  a  better  base  for  fertilizer 
than  the  sodium  of  Chili  saltpetre,  and  that  the  synthetic  ni- 
trate is  free  from  the  harmful  perchlorate  and  chlorides  of 
Chili  saltpetre,  are  obvious  facts.  Indeed,  the  demand  for  the 
synthetic  nitrate  exceeds  the  supply. 

The  Chilean  statistician,  Vergas,^  basing  calculations  on  the 
exportations  of  Chili  saltpetre  since  1840,  proves  that  the  next 
20  years  will  completely  exhaust  the  South  American  deposits. 
No  other  large  deposits  are  known,  nor  is  their  discovery 
probable. 

In  the  future  we  must  obtain  the  nitrogen  compounds  re- 
quired for  agriculture,  explosives  and  all  other  scientific  and 
technical  purposes  from  the  nitrogen  of  the  air. 

Fig.  VI.  shows  the  curve  indicating  the  export  of  Chili  salt- 
petre from  1830  to  1905.  It  will  be  seen  that  in  1905  1,500, 
000  tons  were  exported.  Of  this  \  was  utilized  for  making 
nitric  acid  and  other  nitrates,  the  other  f,  or  1,200,000  tons, 
were  put  on  the  soil  as  fertilizer. 

Four-fifths  of  the  products  from  atmospheric  nitrogen,  then, 
will  be  needed  for  the  soil.  Thus  far  there  are  four  methods 
of  combining  this  nitrogen,  one  bacterial  and  three  chemical. 
The  bacterial  absorption  of  nitrogen  is,  at  present,  confined  to 
leguminous  plants,  and  unless  a  more  active  breed  of  bacteria 
can  be  developed,  bacterial  action,  while  valuable,  cannot  re- 
place the  use  of  Chili  saltpetre. 

The  formation  and  decomposition  of  nitrides  is  the  second 
method.  This  works  best  with  lithium,  but  barium  or  calcium 
might  be  substituted  :  6Li  -f  N^  =  2NLi3  and  2NIvi3  -f  6H2O  = 
6LiOH  +  2NH3.  Now  it  can  be  shown  that  the  electric 
energy  required  to  regenerate  this  quantity  of  metallic  lithium 
from  the  hydroxide,  by  electrolysis,  is  about  half  of  that  re- 
quired to  oxidize  the  equivalent  quantity  of  nitrogen  to  nitrous 

1  Chem.  Indus.,  1904,  p.  29. 
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gases,  while  the  ammonia  generated  could  be  absorbed  by 
water  or  acid  at  small  expense  ;  yet  technical  difl5culties  and 
the  certain  loss  of  some  of  the  valuable  metal  in  the  electrolysis 
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Fig.  VI. 

forbid  any  practical  application  of  this  principle,  for  the  pres- 
ent at  least. 

The  third  method  is  Franks'  well  known  process,  in  which 
pure  nitrogen,  not  air,  is  absorbed  by  heated  calcium  carbide, 
forming  calcium  cyanamide,  which  is  a  valuable  fertilizer.  This 
process  is  on  trial  technically.  Whether  the  calcium  cyan- 
amide  can  compete  with  the  synthetic  nitrate  is  doubtful. 

The  fourth  method  is  the  nitrogen  oxidation. 

Of  one  thing  we  may  be  certain,  by  the  time  the  Chili  salt- 
petre beds  are  exhausted,  chemists  and  engineers  will  be  ready 
with  practical  and  economical  methods  of  utilizing  atmospheric 
nitrogen  to  meet  the  demands  of  agriculture  and  industry. 

E.  Renoup. 
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Esierification. 

The  experiments  of  E.  Fischer  and  A.  Speier/  proving  that 
mixtures  of  organic  acids  and  absolute  alcohol  could  be  readily 
esterified  by  the  use  of  small  quantities,  not  exceeding  1-5  per 
cent,  of  hydrochloric  or  sulphuric  acid,  are  justly  regarded  as 
a  most  important  advance  in  the  preparation  of  this  class  of 
compounds.  Later,  the  present  writer''  showed  that  ordinary 
90-95  per  cent  alcohol  could  be  employed  with  equally  good 
results,  provided  that  the  quantity  of  mineral  acid  was  in- 
creased. No  improvement  has  been  made  in  the  application  of 
this  reaction  since  that  time  until  the  recent  publication  of  a 
paper  by  A.  Bogojawlensky  and  J.  Narbutt,^  recording  the  re- 
sults of  an  investigation  of  the  action  on  mixtures  of  various 
organic  acids  and  alcohol,  of  the  following  dehydrated  sul- 
phates: Sodium,  ferrous  iron,  nickel,  manganese,  copper,  cobalt, 
zinc  and  potassium  pyrosulphate.  Sodium  sulphate  was 
devoid  of  action,  as  was  to  be  expected  from  the  ease  with 
which  it  parts  with  its  water  of  crystallization.  As  a  rule,  the 
best  results  were  obtained  with  potassium  pyrosulphate  and 
copper  sulphate,  with  which,  therefore,  themajority  of  the  ex- 
periments were  conducted.  The  former  is  equally  well  ap- 
plicable to  aliphatic  and  aromatic  acids,  the  latter  chiefly  to 
the  aliphatic  acids,  but  mixtures  of  copper  sulphate  (35  grams), 
with  concentrated  sulphuric  acid  (i  gram),  gave  good  results 
with  aromatic  acids.  In  many  cases  the  yields  were  better 
than  by  Fischer's  method  and  the  isolation  of  the  ester  is 
usually  effected  by  simply  decanting  from  the  salt  and  frac- 
tionating directly.  Two  other  points  of  considerable  interest 
are  brought  out  in  the  paper.  The  one  concerns  the  very 
marked  influence  on  the  yield  of  ester  exercised  by  traces  of 
sulphur  trioxide,  such  as  are  present  in  dehydrated  sulphates  ; 
for  instance,  succinic  acid  (20  grams),  alcohol  (80  grams)  and 
ferrous  sulphate  (25  grams),  after  boiling  during  4  hours,  gave 
85  per  cent  of  the  theoretical  yield  of  neutral  ester,  but  on  re- 
peating the  experiment  with  anhydrous  ferrous  sulphate, 
which  had  been  freed  from  sulphur  trioxide  by  repeated  ex- 
traction with  alcohol,  the  yield  was  only  34  per  cent  of  the 
theory.  An  experiment  was  carried  out  with  malonic  acid, 
alcohol  and  the  zeolite  chabasite,  which  readily  absorbs  mois- 
ture, in  order  to  ascertain  if  the  acceleration  in  the  esterifica- 
tion,  which  is  caused  by  strong  acids  and  by  certain  salts,  is 
due  simply  to  the  absorption  of  the  water  formed  by  the  union 

'  Ber.  d.  chem.  Ges.,  28,  3252  (1895). 
s  This  Journal,  21,  256  (1899). 
»Ber.  d.  chem.  Ges.,  38,  3344  (1905)- 
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of  the  organic  acid  and  alcohol,  or  whether  these  accelerators 
have  some  other  influence.  The  result  showed  that  the  zeolite 
had  no  appreciable  effect  on  the  production  of  ester. 

It  is  to  be  hoped  that  the  authors  will  continue  their  work, 
because  it  promises  to  be  of  considerable  importance  for  the 
preparation  of  esters  and  may,  possibly,  help  in  the  elucidation 
of  the  mechanism  of  this  puzzling  reaction. 

Shortly  after  the  publication  of  the  preceding  paper  J. 
Wade*  described  a  method  for  the  continuous  preparation  of 
esters  at  100°,  in  the  presence  of  sulphuric  acid.  Markowni- 
koflf'  described  a  continuous  method  of  esterification  30  years 
ago,  but  stated  that  the  reaction  does  not  take  place  below 
130°.  Wade  finds  that  the  chief  factor  for  success  is  the  rate 
and  extent  of  the  heating  ;  if  the  flask  containing  the  mixture 
is  placed  on  a  water-bath  the  reaction  soon  ceases,  but  if  it  is 
immersed  in  the  bath,  so  as  to  volatilize  the  water  produced  by 
the  reaction,  the  process  is  truly  continuous.  It  may  be  inter- 
rupted at  any  time  without  detriment,  and  there  is  no  delay  in 
restarting  when  once  the  materials  have  regained  the  neces- 
sary temperature.  The  presence  of  sulphuric  or  some  other 
strong  acid  is  essential,  but  a  large  quantity  of  it  is  a  disad- 
vantage ;  charring  is  unusual,  so  that  it  is  seldom  that 
sulphuric  acid  cannot  be  employed.  The  author  states  the 
conditions  for  the  production  of  ethyl  acetate  as  follows  : 
Three  volumes  of  alcohol  are  mixed  with  2  volumes  of  acetic 
acid,  and  2  volumes  of  this  mixture  are  added  to  i  volume  of 
sulphuric  acid  in  an  Erlenmeyer  flask,  which  is  immersed  in  a 
water-bath  until  distillation  commences  ;  this  may  require  as 
much  as  30  minutes,  but  depends  on  the  ester.  The  mixture 
of  alcohol  and  acetic  acid  is  then  added  through  a  funnel  with 
a  fine  stem,  as  in  the  ordinary  preparation  of  ether.  The 
process  is  fairly  economical,  because  most  of  the  excess  of 
alcohol  is  recovered  in  the  purification  of  the  product. 

Details  of  the  preparation  of  other  esters  are  reserved  for  a 
subsequent  communication,  which  will  be  awaited  with  con- 
sideraljle  interest.  The  method  is  applicable  to  all  the  simple 
aliphatic  and  to  many  of  the  more  complex  and  aromatic  esters, 
the  operation  being  carried  on  under  reduced  pressure  when 
working  with  the  less  volatile  ones.  J.  bishop  tingle. 

1  T.  Chetn.  Soc,  87,  1656  (1905). 
*  Ber.  d.  chem.  Ges.,  6,  1177  (1873). 
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Second  Year  Chemistry.  A  Handbook  for  Laboratory  and  Class 
Work.  By  Edward  Hart,  Ph.D.,  Professor  of  Chemistry  in  Lafay- 
ette College.  Easton,  Pa.  :  The  Chemical  Publishing  Co.  1905. 
Price,  I1.25. 

Professor  Hart's  preface  explains  the  difference  between  his 
book  and  most  laboratory  manuals  as  follows  :  "In  teaching 
qualitative  analysis  I  have  often  thought  that  if  the  beginner 
first  made  some  careful  quantitative  determinations,  he  would 
quickly  learn  the  necessity  of  extreme  care  and  that  all  his 
subsequent  work  would  be  thereby  improved." 

In  the  first  56  pages  the  author  treats,  with  suitable  experi- 
ments, of  molecules  and  atoms,  properties  of  gases,  gas  analy- 
sis, dissociation,  dissociation  in  solutions,  the  chemical  bal- 
ance, volumetric  analysis  and  gravimetric  analysis.  Seventy- 
five  pages  are  given  to  qualitative  analysis,  and  22  pages,  at 
the  close,  to  different  quantitative  determinations. 

On  the  whole,  the  little  manual  makes  a  very  favorable  im- 
pression, and  we  can  well  believe  that  Professor  Hart  has  ob- 
tained good  results  with  this  method.  E.  R. 

Engineering  Chemistry.  A  Manual  of  Quantitative  Chemical  Analy- 
sis for  the  Use  of  Students,  Chemists  and  Engineers.  By  Thomas  B. 
Stii^lman,  M.Sc,  Ph.D.,  Professor  of  Analytical  Chemistry  in  the 
Stevens  Institute  of  Technology.  Third  edition,  with  139  Illustrations. 
Easton,  Pa.  :  The  Chemical  Publishing  Co.     1905.     Price,  $4.50. 

In  a  review  of  the  second  edition  of  this  book,^  Professor 
Mallet  refers  to  the  absence  of  chapters  on  lime,  lime  mortar, 
stucco  and  explosives.  It  is  to  be  regretted  that  these  chap- 
ters are  also  lacking  in  this  third  edition.  However,  the  book 
contains  many  improved  methods  of  analysis  and  other  import- 
ant additions,  especially  the  chapters  on  lubricating  oils, 
cements  and  asphalt.  The  volume  is  well  indexed  and  is  provi- 
ded with  abundant  references.  In  its  present  form  this  is  one 
of  the  best  practical  manuals  for  engineers  and  students  of 
engineering.  E.  R. 

The  EIvECTroi.ytic  Dissociation  Theory,  with  Some  of  Its  Appli- 
cations. An  Elementary  Treatise  for  the  Use  of  Students  of  Chemis- 
try. By  Henry  P.  Talbot,  Ph.D.,  Professor  of  Inorganic  and  Ana- 
lytical Chemistry,  and  Arthur  A.  Blanchard,  Ph.D.,  Instructor  in 
Inorganic  Chemistry  at  the  Massachusetts  Institute  of  Technology. 
New  York  :  The  Macmillan  Co.  London  :  Macmillan&  Co.,  Limited, 
pp.  84.  Price,  I1.25. 
The  appearance  of  this  admirable  little  volume  will  be  wel- 

1  This  Journal,  25,  517. 
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corned  by  all  who  are  interested  in  the  teaching  of  chemistry 
from  the  standpoint  of  the  generalizations  reached  by  physical 
chemistry.  It  is  indicative  of  the  signs  of  the  times  that  books 
of  this  character  are  demanded  by  teachers  and  students.  The 
general  impression  is  gaining  ground,  and  gaining  it  rapidly, 
that  the  fundamental  generalizations  which  have  done  so  much 
towards  placing  chemistry  upon  a  scientific  basis,  should  be 
taught  in  the  early  stages  of  the  study  of  this  subject.  They 
should,  of  course,  be  introduced  cautiously  and  in  a  very  ele- 
mentary form.  The  chemistry  of  the  atom  should  not  be 
taught  for  a  year  or  two  and  then  the  student  be  told  that  this 
was  all  wrong,  that  atoms  do  not,  in  general,  react  chemically, 
but  that  what  actually  reacts  are  the  ions. 

If  the  student  is  started  in  this  fashion  the  question  is,  how 
long  will  it  require  for  him  to  recover  from  these  first  erroneous 
impressions,  or  will  he  ever  completely  recover  ?  In  many 
cases  it  is  doubtful.  If  we  ask,  why  continue  along  the  old 
lines,  about  the  only  answer  is  that  the  atom  is  simpler  to 
teach  than  the  ion.  This,  even  if  true,  would  be  a  sorry 
reason  for  teaching  what,  later,  must  all  be  unlearned. 

It  seems  a  fair  question  to  ask  whether  the  real  reason,  in 
many  cases,  why  the  chemistry  of  the  atom  is  taught,  is  not  to 
be  found  in  the  fact  that  this  is  the  chemistry  which  the 
teacher  learned  in  his  earlier  days,  and  it  is  easier  to  continue 
in  the  old  beaten  tracks  than  to  become  familiar  with  the 
newer  developments? 

The  volume  under  review  will  contribute  its  share  towards 
changing  this  condition  of  things.  The  contents  are  judi- 
ciously selected,  and  the  book  is  clearly  written.  Chapter  I. 
deals  with  evidences  for  the  theory  of  electrolytic  dissociation  ; 
Chapter  II.  with  the  law  of  mass  action  and  the  chemical  be- 
havior of  electrolytes  ;  Chapter  III.  with  electrolytic  solution 
pressure ;  Chapter  IV.  with  oxidation  and  reduction  ;  and 
Chapter  V.  with  the  more  common  ions  and  their  characteris- 
tics. This  chapter  is  especially  valuable  in  connection  with 
the  operations  of  qualitative  analysis. 

The  book  is  heartily  recommended  to  students,  and  espe- 
cially to  teachers  of  elementary  chemistry.  h.  c.  j. 

An  Elementary  Laboratory  Course  in  Chemistry.  By  Frank  B. 
Kenrick.M.A.,  Ph.D.,  Lecturerin  Chemistry,  University  of  Toronto, 
and  RAI.PH  E.  DeLury,  M.A.,  Fellow  in  Chemistry,  University  of 
Toronto.     Toronto  :  Morang  &  Co.     1905.     Price,  $1.00. 

In  reviewing  this  volume  it  must  be  kept  in  mind  that  it  is  a 
manual  of  laboratory  work  to  accompany  a  course  of  lectures 
for  beginners  in  inorganic  chemistry,  and  that  the  exceptional 
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features  of  the  book  are  intended,  as  we  shall  see,  to  meet  ex- 
ceptional conditions. 

The  preface  says  :  ' '  Owing  to  the  shortness  of  time  in  the 
laboratory,  many  important  principles  have  been  necessarily 
omitted.  The  principles  especially  emphasized,  however,  are 
those  which,  on  account  of  their  inherent  difi&culty  or  of  some 
traditional  error  in  previous  instruction,  generally  appear  to 
give  most  trouble  to  the  student." 

The  experiments — many  of  them  roughly  quantitative — are 
chosen  with  excellent  skill  for  the  purpose  in  view,  which  is  to 
devote  all  the  time  to  illustrating  the  chief  laws  and  principles 
of  chemical  action,  thus  omitting  the  systematic  laboratory 
study  of  the  properties  of  the  elements  and  their  compounds, 
which  forms  a  part  of  the  first  year  laboratory  work  in  most 
American  colleges.  The  subjects,  which  are  very  clearly 
treated  and  accompanied  by  good,  and  often  ingenious  experi- 
ments, include  solution,  crystallization,  combustion,  combining 
weights,  acids,  bases,  salts,  gravimetric  and  volumetric  analy- 
sis, volume  relation  of  gases,  reversible  reactions,  mass  law, 
electrolytic  dissociation. 

When  the  time  available  for  laboratory  work  is  very  limited, 
it  is,  perhaps,  better  to  employ  it  as  is  done  in  this  book  than 
to  attempt  to  cover  as  much  ground  as  is  common  in  the  aver- 
age beginners'  laboratory  course.  Should  it  be  necessary  to 
choose,  it  is  better  to  understand  combustion  than  to  knoWthe 
properties  of  all  of  the  oxides  of  nitrogen.  If  we  regard  this 
book  as  a  protest  against  the  too  common  method  of  cramming 
the  beginner  with  details,  while  making  little  attempt  to  study 
experimentally  the  fundamental  laws  of  chemistry,  it  merits 
respectful  attention. 

One  peculiarity  challenges  notice.  The  authors  say  in  their 
preface  :  "  All  reference  to  the  atomic  and  molecular  theories 
have  been  avoided,  not  because  the  authors  are  prejudiced 
against  these  excellent  hypotheses,  but  in  order  to  counteract 
a  prejudice  in  the  opposite  direction  on  the  part  of  the  stu- 
dents. A  large  number  of  students  still  continue  to  come  to 
the  university  with  their  minds  simply  stuffed  with  atoms  and 
molecules,  which  they  take  to  be  the  fundamental  facts  of 
chemistry." 

This  experience  is  not  new,  probably  all  college  teachers 
have  to  combat  such  fallacies,  often  brought  about  by  inju- 
dicious instruction  in  the  preparatory  school ;  it  is  true  that 
teachers  generally  do  not  apply  such  drastic  discipline  as  to 
forbid  further  indulgence  in  atoms  and  molecules,  but  this  may 
be  necessary  in  Ontario. 
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Let  us  examine  the  authors'  plan  ;  instead  of  atoms  they  use 
the  idea  of  combining  weights,  which  they  call  "reacting 
weights."  Of  course  it  is  possible  to  study  most  elementary 
principles  and  facts  of  chemistry  without  reference  to  atoms 
and  molecules  ;  the  question  is,  does  it  pay  ?  Does  the  stu- 
dent get  clearer  ideas  without  them  ?  If  a  lion  should  hold  the 
path,  like  ozone  for  instance,  one  can  pass  by  on  the  other  side 
and  silently  ignore  it,  but  some  things  cannot  be  ignored  and  th  ese 
are  discussed  in  an  appendix  ;  for  example,  the  question  arises, 
why  write  hydrochloric  acid  HCl  and  not  H^Clj  or  H3CI3  ?  here 
is  the  explanation  : 

"  It  has  been  discovered  that  the  weights  of  equal  volumes 
of  gaseous  chemical  substances  stand,  approximately,  in  the 
ratio  of  simple  multiples  of  their  reacting  weights  when  the 
pressure  and  temperature  are  the  same.  Hence,  by  choosing 
these  particular  multiples  of  the  reacting  weights,  the  num- 
bers obtained  will  represent,  approximately,  the  weights  of 
equal  volumes  of  the  gaseous  substances.  These  are  called 
molecular  or  formula  weights  because  the  chemical  formulae 
are  so  chosen  as  to  represent  these  weights,  in  addition  to  the 
composition." 

Is  this  an  improvement  on  the  explanations  given  com- 
monly ?  Is  the  molecular  weight  less  hurtful  to  the  student 
when  christened  formula  weight  ? 

Some  students  come  to  universities  overstuflfed  not  only  with 
atoms  and  molecules  but  with  ions  and  electrons,  and  even 
with  reacting  weights.  Are  we,  therefore,  to  throw  all  these 
conceptions  overboard  ?  However,  we  must  remember  that 
this  is  only  a  laboratory  manual  and  that  in  the  lectures  the 
authors  probably  explain  to  the  student  the  proper  value  of 
those  "excellent  hypotheses,"  the  atomic  and  molecular  theo- 
ries. E.  R. 

MONOGRAPHIEN  tJBER  ANGEWANDTE  ElEKTROCHEMIE.  XX  Band. 
Elektrolyse  geschmolzener  Salze.  ErsterTeil.  Verbindungen  und 
Elemente.  von  Richard  LorEnz,  Ph.D.,  O.  Professor  fiir  Elektro- 
chemie  und  physikalische  Chemie,  am  Eidg.  Polytechnikumin  Zurich. 
Mit  9  in  dem  Text  gedruckten  Abbildungen.  Halle  a.  S.  :  Druck  und 
Verlag  von  Wilhelm  Knapp.     1905.     pp.  217.     Price,  M.  8. 

The  author's  name  on  the  title-page  of  this  volume  leads  us 
to  examine  it  with  high  expectation,  because  Lorenz  is  an 
authority  in  the  field.  We  are  not  disappointed  ;  we  find  the 
whole  story  of  the  electrolysis  of  fused  salts,  from  the  qualita- 
tive preparative  point  of  view,  told  with  great  clearness  and 
sense  of  proportion.  Nothing  is  omitted,  all  published  work 
is  referred  to,  the  lists  of  patents  are  complete  and  yet  it  is  in- 
teresting reading  ;  indeed,  while  we  generally  look  on  a  mono- 
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graph  like  this  as  a  reference  work,  we  find  that  many  of  the 
chapters,  notably  those  on  the  electrolysis  of  sodium  chloride 
and  sodium  hydroxide,  of  cryolite  and  of  the  chlorides  of  the 
rare-earth  metals,  are  of  absorbing  interest. 

The  author  will  devote  a  second  volume  to  the  application 
of  Faraday's  law,  to  conductivity  and  to  the  subject  of  electro- 
motive power.  E.  R. 

Die  Ei.b;ktrochemie  der  organischen  Verbindungen.  Von  Dr. 
Wai,THER  IvOB.  Dritte  erweiterte  und  umgearbeitete  Auflage  von  : 
Unsere  Kenntnisse  in  der  Klektrolyse  und  Electrosyn these  organischer 
Verbindungen.     Halle  a.  S.  :  Wilhelm  Knapp.     1905.     Price,  M.  9. 

The  book  is  a  summary  of  the  work  that  has  been  done 
along  the  line  of  the  application  of  the  electric  current  to  or- 
ganic substances.  All  the  principal  classes  of  compounds  have 
been  subjected  to  experiment  and  the  number  of  reactions  that 
may  be  effected  by  the  electric  current  is  surprisingly  large. 
The  nitro  compounds  have  yielded,  perhaps,  the  most  varied 
and  valuable  series  of  products  resulting  from  electrolytic  ac- 
tion. 

Not  only  has  the  direct  current  been  used  with  great  suc- 
cess in  producing  chemical  reactions,  but  also  the  alternating 
current  and,  in  fact,  almost  all  forms  of  electrical  energy. 
Two  factors  which  must  be  reckoned  with  in  all  operations  are 
the  selection  of  electrodes  and  the  current  density.  Condens- 
ing agents  are  often  used  to  cause  the  reaction  to  stop  at  a 
definite  stage. 

The  theoretical  side  of  electrochemical  phenomena  is  treated 
at  some  length  in  the  book.  The  manner  in  which  organic 
compounds  dissociate  when  treated  with  the  electric  current  is 
discussed,  and  its  theoretical  bearing  clearly  stated.  The  pro- 
cesses which  take  place  around  kathode  and  anode  are  fully  de- 
scribed. 

Reactions  are  classed  as  primary  when  the  end  products 
have  been  formed  by  phenomena  directly  traceable  to  the  action 
of  the  current,  and  as  secondary  when  the  products  are  the  re- 
sult of  a  rearrangement  or  condensation. 

The  technical  value  of  the  electric  current  in  the  manufac- 
ture of  organic  compounds  is  shown  to  be  very  great  and, 
since  this  is  only  a  new  field,  it  is  difiScult  to  predict  to  what 
extent  its  application  will  be  carried. 

Constant  reference  is  made  to  the  investigations  of  Lob, 
Elbs,  Walker,  Haber,  Miiller  and  many  others,  who  are  active 
in  the  development  of  this  new  chapter  of  organic  chemistry. 

The  book  may  be  recommended  to  all  who  are  interested  in 
the  extension  of  this  important  field  of  research.       c.  w.  G. 
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Jahrbuch  der  Chemie.  Bericht  liber  die  wichtigsteu  Fortschritte  der 
reiiien  und  angewandten  Chemie.  Unter  Mitwirkung  von  H.  Beck- 
URTS,  C.  A.  BiSCHOFF,    ALFRED  COBHN,    M.  DELBRUCK,  J.  M.  EdER, 

Th.  Fischer,  P.  Friedlaender,  C.  Haeussermann,  A.  Herzfei^d, 
W.  KijsTER,  J.  Lewkowitsch,  a.  Morgen,  F.  Quincke,  A. 
Werner.     Herausgegeben  von  Richard  Meyer.     XIV.   Jahrgang, 

1904.  Braunschweig  :  Vieweg  und  Sohn.      1905.      Price,  M.  14. 

The  Jahrbuch  for  1904  appears  after  a  considerable  delay, 
which  the  publishers  promise  to  avoid  in  the  future,  as  they 
have  in  the  past. 

It  is  a  complete  review  of  the  progress  of  the  year,  arranged 
so  that  each  piece  of  work  may  be  considered  in  relation  to 
other  work  on  similar  topics. 

The  work,  as  a  whole,  is  well  done,  as  we  should  expect  from 
the  list  of  co-workers.  There  are  some  curious  omissions. 
Several  important  physical  chemical  articles,  published  in  this 
Journal,  are  omitted  and,  by  a  singular  coincidence,  impor- 
tant work  by  the  same  authors,  published  in  the  Zeitschrift 
fiir  Physikalische  Chemie  is  also  either  omitted  or  barely 
mentioned,  although  the  other  articles  in  the  Zeitschrift  are 
reviewed.  E.  R. 

The  Poi,ariscope  in  the  Chemicai,  Laboratory.  An  Introduction 
to  Polarimetry  and  Related  Methods.  By  George  William  Rolfe, 
A.M.,  Instructor  in  Sugar  Analysis  in  the  Massachusetts  Institute  of 
Technology.      New  York   and   London  :    The   Macmillan   Company. 

1905.  pp.320. 

The  subject  of  polarimetry  has,  for  some  time,  been  of  prac- 
tical importance  on  account  of  its  use  for  the  commercial  test- 
ing of  sugars.  It  has  recently  acquired  a  scientific  significance 
in  connection  with  the  dynamics  of  the  reaction  of  the  inver- 
sion of  cane  sugar.  We  are  frequently  in  need  of  information 
in  reference  to  the  use  of  the  various  polariscopes,  and  the  sig- 
nificance of  the  results  obtained.  The  present  volume  sup- 
plies just  this  information. 

The  several  sections  deal  principally  with  the  polariscope, 
the  saccharimeter,  polarization  of  cane  sugar,  commercial 
methods,  determination  of  sucrose  in  the  presence  of  other 
optically  active  substances,  sugar-house  and  refinery  methods, 
chemical  methods  of  determining  sugars,  starch  and  starch 
products,  applications  of  the  polariscope  in  scientific  research, 
application  to  chemical  analysis. 

It  will  be  seen  from  the  above  that  this  review  refers  to  a 
book  which  is  of  both  scientific  and  technical  value.  It  is  to 
be  hoped  that  it  will  meet  with  the  wide  reception  that  it  de- 
serves. H.  c.  J. 
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Exercises  in  Quantitative  Chemistry.  By  Harmon  Northop- 
Morse,  Professor  of  Analytical  Chemistry  in  the  Johns  Hopkins  Uni- 
versity. Boston,  New  York,  Chicago,  London  :  Ginn  &  Co.  1905. 
pp.  XX  -|-  556.     Price,  |2.oo. 

Those  shelves  of  our  chemical  libraries  which  are  devoted  to 
books  oil  quantitative  analysis  have,  if  we  have  been  sym- 
pathetic purchasers,  filled  somewhat  over-rapidly  of  late. 
Many  of  the  contributions  to  this  branch  of  chemical  literature 
have  been  the  product  of  careful  thought  and  a  painstaking 
selection  of  reliable  methods,  but  they  have,  almost  without 
exception,  followed  a  conventional  treatment  of  the  subject. 
It  is,  therefore,  a  real,  as  it  is  an  unusual  pleasure  to  receive  a 
volume  which  presents  a  course  of  instruction  in  quantitative 
chemistry  with  distinctive  features,  and  one  which  is  the  prod- 
uct of  the  long  experience  of  a  successful  teacher. 

Professor  Morse  points  out  that,  with  the  increasing  demands 
made  upon  the  time  of  the  student  of  chemical  science  for  in- 
struction in  other  branches  of  chemistry,  the  selection  of  a 
suitable  general  course  of  instruction  in  quantitative  practice 
has  become  increasingly  perplexing.  He  has,  therefore,  for- 
mulated his  course  in  such  a  way  as  to  give  familiarity  with 
the  greatest  practicable  variety  of  methods  and  operations,  and 
has  included  not  alone  methods  of  chemical  analysis,  but  also 
those  involving  accurate  determinations  of  specific  gravity, 
and  determinations  of  molecular  weights.  An  incidental,  but 
striking  and  valuable  feature  of  the  course,  is  the  thoroughness 
of  the  practice  which  it  affords  in  the  determination  of  the 
limitations  and  the  accuracy  of  the  instruments  employed,  a 
point  upon  which  much  stress  is  laid.  The  course  is,  then, 
one  in  quantitative  chemistry,  not  analytical  chemistry. 

The  first  four  chapters  deal  successively  with  the  balance, 
the  barometer  and  thermometer,  the  calibration  of  eudiometers 
and  the  measurement  of  gases,  and  the  calibration  and  gradua- 
tion of  apparatus  for  the  measurement  of  liquids.  The  first 
chapter  is  noticeable  for  its  thorough  discussion  of  methods  of 
testing  balances  and  weights. 

Chapter  V.  deals  with  standard  solutions.  Chapter  VI,  with 
the  determination  of  specific  gravity.  Chapter  VII.  with 
molecular  weights,  and  Chapter  VIII.  with  the  purification  of 
substances,  including  the  general  operations  of  filtration,  wash- 
ing of  precipitates,  and  the  like.  Chapters  IX.  to  XXII.  (pp, 
209-516)  include  quantitative  procedures  of  the  most  varied 
character,  and  the  combination  of  volumetric  with  gravimetric 
methods,  as  well  as  the  application  of  one  or  both  to  organic 
compounds  is  unusual  and  worthy  of  attention.  There  are 
among  the  exercises  examples  of  the  processes  involved  in  gas 
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analysis,  food  analysis,  and  electrolysis,  with  a  clear  and  con- 
cise statement  regarding  electrical  units  and  the  apparatus  em- 
ployed in  this  class  of  work.  In  the  last  two  chapters  certain 
new  and  useful  electrical  heating  appliances  are  described,  to- 
gether with  an  electrical  method  for  the  combustion  of  organic 
compounds. 

The  procedures  are  given  in  considerable  detail  and  the  book 
contains  a  great  deal  of  valuable  information  which  cannot  be 
indicated  in  a  brief  summary,  it  is  all  presented  in  easily 
readable  form.  The  particular  analytical  procedures  which  the 
author  has  selected  will,  doubtless,  sometimes  excite  comment. 
It  would,  for  example,  seem  natural  to  give  preference  to  the 
Drown  method  for  the  determination  of  silicon  in  irons  or 
steels,  especially  since  the  dehydration  of  silicic  acid  by  sul- 
phuric acid  is  not  otherwise  emphasized,  or  to  replace  copper 
ammonium  chloride  by  copper  potassium  chloride  in  the  deter- 
mination of  carbon  in  irons,  in  view  of  the  acknowledged 
sources  of  error  sometimes  involved  in  the  use  of  the  former 
reagent.  The  omission  of  a  procedure  for  the  separation  of 
iron  from  manganese  is  also  noticeable,  particularly  the  omis- 
sion of  a  process  so  distinctive  in  its  character  as  the  basic 
acetate  method.  The  use  of  the  atomic  weights  based  on  hy- 
drogen as  unity,  the  retaining  of  the  older  definitions  for  the 
molecular  changes  of  boiling  or  freezing  point,  and  an  apparent 
preference,  in  many  instances,  for  the  methods  given  in  the 
manual  of  Fresenius  may  possibly  raise  a  question  in  the  mind 
of  the  reader  whether  or  not  the  author  is  just  a  bit  too  much 
inclined  to  adhere  to  older  methods,  or  points  of  view,  rather 
than  to  incorporate  more  recent  work.  But  these,  so  far  as 
the  main  purpose  of  the  book  is  concerned,  are  minor  matters 
and  should  not  deter  any  teacher  or  student  from  according  it 
the  careful  examination  which  it  undoubtedly  deserves. 

The  book  is  thoroughly  indexed  and  exceptionally  well 
printed  and  bound.  h.  p.  talbot. 

Beet  Sugar  Manufacture  and  Refining.  Vol.  I.  :  Extraction  and 
Epuration.  By  LEWIS  S.  Ware.  New  York  :  John  Wiley  &  Sons. 
London  :  Chapman  &  Hall.     1905.     Price,  |!4.oo. 

This  volume  of  537  pages  of  text,  yet  treating  of  only  two 
of  the  basic  processes  of  beet  sugar  manufacture,  is  by  far  the 
most  comprehensive  work  on  beet  sugar  technology  which  has 
appeared  in  the  English  language. 

The  author  states  that  he  limits  his  work  strictly  to  a  com- 
pilation of  the  data  and  discussions  of  European  literature  as 
best  giving  expression  to  the  practice  of  the  world's  leading 
experts.  He  refrains  from  consideration  of  American  methods 
on  the  ground  that  he  would  be  obliged  to  criticize  ' '  some  very 
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glaring  blunders."  No  doubt  many  blunders  have  been  made 
in  America,  yet  it  would  seem  that  processes  of  beet  sugar 
manufacture  are  not  yet  so  far  developed  as  to  be  standard  even 
in  Europe.  The  author  says,  in  his  preface:  "In  fact, 
throughout  the  entire  realm  of  sugar  manufacturing,  there  is  a 
vast  budget  of  contradictions."  Hence  a  discussion  of  meth- 
ods extant  in  successful  American  factories  might  have  been 
of  profit,  particularly  as  it  is  a  matter  of  common  knowledge 
that  foreign  experts,  as  a  rule,  have  not  been  satisfactory  in 
American  practice. 

The  2  2  pages  of  the  introductory  chapter  discuss  the  eco- 
nomics of  the  industry  from  a  practical  standpoint.  The  sug- 
gestions for  utilizing  beet  sugar  factories  during  the  "dead" 
season  are  most  interesting.  Incidentally,  the  reviewer  dis- 
sents from  the  author's  carbonation  scheme  for  manufacturing 
milk  sugar  as  quite  impracticable,  although  it  might  be  that 
the  plant  could  be  utilized  in  other  ways  for  this  purpose. 

Considering  the  book  as  a  whole,  the  material  is  judiciously 
chosen,  and  evidently  by  an  expert  of  some  experience.  The 
references  to  authorities  are  very  complete  and  the  illustrations 
are  many  and  excellent.  In  the  opinion  of  the  reviewer,  how- 
ever, the  book  is  somewhat  marred  by  the  style  of  the  English, 
which  occasionally  follows  the  German  and  French  construc- 
tions so  literally  as  to  make  it  evident  which  was  the  language 
of  the  original,  and,  in  fact,  almost  to  permit  of  reproduction 
of  the  foreign  text.  Naturally,  in  such  cases,  the  English  is 
clumsy  and  lacks  compactness,  particularly  in  excerpts  from 
the  German.  Such  expressions  as  "  conservation  of  beets," 
"  surveillance  of  washer"  (machine),  "  fixation  of  knives"  (in 
slicing  machines)  possibly  may  have  a  certain  vogue  in  beet 
sugar  factories  here,  but  certainly  are  not  those  of  the  best 
usage;  and  "arrival  and  departure  of  the  juice  into  the  dif- 
fusers,"  "forged  iron  piping"  and  "axis  of  rotation"  (for  shaft- 
ing) are  some  of  the  examples,  among  others,  which  might  be 
cited  as  especially  unhappy  rendering  into  technical  English. 
As  a  rule,  however,  the  descriptive  matter  is  clear  enough  to 
be  readily  understood  by  the  engineer  and  manufacturer,  who 
will  be  greatly  assisted  by  the  illustrations  with  which  the 
book  abounds. 

The  discussions  of  rationale  of  process  are  a  valuable  feature, 
and  cannot  fail  to  be  instructive. 

The  book  would  have  been  improved  if  dimensions  of  ma- 
chinery and  other  factory  measurements  had  been  expressed  in 
the  standards  in  common  use  in  English-speaking  countries. 

The  presswork,  as  a  whole,  is  of  high  quality. 

Geo.  W.  Rolfe. 
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CAMPHORIC    ACID:      SOME    DERIVATIVES     OF 
AMINOIvAURONIC  ACID. 

[fifteenth  paper.]  ^^^  <i/l/U^ 

By  William  A.  Noyes  and  Ren^deM.  Taveau.  i/O    sO  /  0  >     * 

When  the  nitroso  derivative  of  the  anhydride  of  amino- 
lauronic  acid  is  boiled  with  an  aqueous  lo  per  cent  sokition  of 
sodium  hydroxide,  in  the  proportion  of  i  molecule  of  the 
nitroso  body  to  1.5  molecules  of  sodium  hydroxide,  there  re- 
sult, besides  the  products  already  described,  compounds  that 
have  not  been  obtained  under  the  conditions  of  decomposition 
hitherto  studied. 

The  several  products  of  the  decomposition  and  their  per- 
centage weight  of  the  nitroso  body  are,  approximately,  as  fol- 
lows : 


Hydrocarbon,  CgNj^  27.8  per  cent 

Substances  volatile  with  water  vapor  : 


/ 


CO 


Isocampholactone,   CgHj^^    I  21.4 

\o 

An  unsaturated  acid,  CgHjjCOjH        6.6 
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lyiquid  acids,  mainly  y-lauronolic 

acid(?)  1.4  per  cent 

Substances  not  volatile  with  water  vapor  : 
Impure  h5'droxylauronic  acid, 

CsH  /  1.7        " 

A  new  lactone,  CJi^/^   \  4,0       " 

\o 

Briefly  stated,  the  method  of  obtaining  and  separating  these 
products  was  as  follows  :  The  nitroso  compound,  once  crys- 
tallized from  strong  alcohol,  was  introduced  into  a  roomy  flask  ; 
the  required  amount  of  aqueous  10  per  cent  sodium  hydroxide 
solution  added,  the  flask  connected  with  a  return  condenser 
and  the  contents  gently  boiled  over  a  free  flame  until  the 
supernatant  layer  of  hydrocardon  was  practically  colorless, 
which  required  about  2  hours. 

The  method  of  separating  the  products  of  the  reaction  was 
essentially  the  one  already  described  by  us^  ;  the  only  modifica- 
tions necessary  were  that  the  hydroxy  acid  was  shaken  with 
strong  potassium  carbonate  solution  to  separate  it  from  the  new 
lactone,  and  that  the  y-lauronolic  acid  portion  was  subjected  to 
a  fractional  distillation,  under  diminished  pressure,  to  separate 
this  acid  from  the  crystalline  unsaturated  acid  accompany- 
ing it. 

Isocampholactone. — This  was  purified  by  distilling  it  under 
diminished  pressure.  It  boils  at  123°. 4  (28  mm.)  or  at  125°. 6 
(30  mm.).  It  melts  at  32°-33°.  An  attempt  was  made  to 
prepare  the  ethyl  ester  of  the  hydroxy  acid  corresponding  to 
the  lactone.  It  was  hoped  that  by  the  oxidation  of  the  ester 
we  could  obtain  the  ester  of  camphononic  acid,  and  thus  secure 
some  evidence  as  to  the  structure  of  the  lactone.  A  consider- 
able quantity  of  the  silver  salt  of  the  hydroxy  acid  was  pre- 
pared as  previously  described.^  An  analysis  of  the  salt  gave 
38.62  per  cent  of  silver.  Calculated,  38. 68  per  cent.  This  salt 
was  allowed  to  stand  for  2  weeks  with  a  large  excess  of  methyl 

1  This  Journal,  32,  288. 

2  Ibid.,  32,  290. 
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iodide  and  some  absolute  ether,  care  being  taken  to  exclude 
the  light.  The  silver  iodide  was  separated  by  filtration,  and 
the  excess  of  methyl  iodide  and  ether  by  distillation  under 
diminished  pressure.  The  product  of  the  reaction,  a  dark 
brown  oil,  was  diluted  with  ether  and  shaken  with  a  solution 
of  sodium  thiosulphate,  to  remove  free  iodine  which  was  pres- 
ent. The  ether  solution  was  washed  with  water,  dried  with 
calcium  chloride  and  the  ether  removed  under  diminished 
pressure.  The  product,  which  was  now  nearly  colorless,  was 
analyzed. 

I.  o.  1561  gram  substance  gave  0.3931  gram  CO^  and  0.1273 
gram  H^O. 

II.  0.1493  gram  substance  gave  0.3756  gram  CO^  and  0.1220 
gram  H^O. 

Calculated  for  Pound. 

CO 

C8Hi4(    I      .         C8Hh(0H)C02CH3.  I.  II. 

^O 

C  70.06  64.45  68.67  68.60 

H  9.17  9.76  9.14  9.15 

It  is  evident  from  the  analyses  that  the  product  consisted 
chiefly  of  unchanged  lactone.  Thinking  that  the  ester  might 
have  been  formed  at  first,  and  then  saponified  by  the  long 
standing,  the  mixture  was  again  treated  with  potassium  hy- 
droxide and  the  silver  salt  prepared  as  before.  This  was 
boiled  for  2  hours  with  methyl  iodide  and  ether  and  the  prod- 
uct separated  as  before.     It  gave  now  :  C,  68.91  ;  H,  9.30. 

Methyl  Ether  of  the  Hydroxy  Acid  Corresponding  to  Isocam- 
pholactone,  CgHu(OCH3)CO,,H. — To  separate  the  mixture  con- 
tained in  the  above  product  into  its  constituents,  it  was  sub- 
jected to  fractional  distillation.  The  isocampholactone  passed 
over  first,  leaving  a  viscous  oil,  which  boiled  at  about 
i5o°-i53°  (19  mm.)  and  solidified  on  cooling.  The  com- 
pound separates  from  its  solutioi*  in  isocampholactone  in 
large,  compact,  beautiful  crystals.  'After  solution  in  sodium 
carbonate,  removal  of  a  small  amount  of  isocampholactone  by 
extraction  with  ether  and  reprecipitation  with  hydrochloric 
acid,  it  is  deposited  in  microscopic  needles,  which  melt  at  84°. 


382  Noyes  and  Taveau. 


I.  0.1870 

gram  substance  gave  0.4443  gram  CO^  and  0.1616 

gram  H^O. 

II.  0. 1609  gram  substance  gave  0. 3834  gram  CO^  and  0. 1 373 

gram  H^O. 

Calculated  for                                        Found. 

C8Hu(OCH3)C02H.                         I.                                   II. 

C 

64.45                               64.80                         64.70 

H 

9.76                        9-69                   9-57 

0.0889  gram  of  the  substance  required  for  its  neutralization 
4.76  cc.  0.1  N  barium  hydroxide.  Theory  requires  4.78  cc.  ; 
0.1346  gram  of  the  resulting  barium  salt  gave  0.0622  gram 
BaSO^,  corresponding  to  27.20  per  cent  Ba.  Calculated  for 
[C8Hi,(OCH3)CO,]2Ba,  27.07  per  cent. 

On  warming  with  hydriodic  acid  in  the  manner  used  by  Zeisel' 
for  the  determination  of  methoxy  groups,  methyl  iodide  was 
eliminated. 

While  the  formation  of  an  ether  of  the  formula  given,  under 
the  conditions  of  our  experiments,  appears  very  remarkable, 
the  conduct  of  the  compound  and  the  results  of  the  analyses 
seem  to  leave  no  doubt  with  regard  to  the  nature  of  the  sub- 
stance. 

Substances  Volatile  with  Water  Vapor,  Other  than  Isocampho- 
lactone. — These  were  separated  by  fractional  distillation  under 
reduced  pressure,  using  a  Claisen  bulb  with  a  delivery  tube 
consisting  of  two  50  cc.  bulbs  connected  together  and  to  the 
flask  by  tubing  1.5  cm.  in  diameter  ;  tubing  of  0.5  cm.  diame- 
ter connected  the  bulb  farthest  from  the  flask  with  the  rubber 
tubing  to  the  pump.  Such  a  side  tube  was  found  advan- 
tageous, owing  to  the  tendency  of  the  new  crystalline,  unsat- 
urated acid  to  sublime  into  and  choke  the  ordinary  delivery 
tube. 

After  this  acid  had  been  distilled,  in  all,  about  10  times,  its 
boiling  point  was  i30°-i33°  (21  mm.). 

The  liquid  fraction  boiled  between  i37°-i5o°  (22  mm.)  and 
probably  consisted  largely  of  y-lauronolic  acid.  Its  silver  salt 
gave  41.34  per  cent  Ag.     Calculated,  41.33  per  cent. 

There  remained  in  the  distilling  bulb,  after  the  liquid  por- 

1  Monats.  Chem.,  6,  789;  7,  406. 
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tion  had  passed  over,  a  viscous  oil  that  crystallizes,  on  long 
standing,  and  in  a  form  apparently  different  from  that  of  the 
unsaturated  acid.  The  crystals  were  dissolved  in  potassium 
carbonate  solution,  this  solution  extracted  with  ether,  then 
acidified  and  the  acid  recovered.  It  gave  a  melting  point  of 
90°-90°.5.  The  amount  of  this  acid  was  too  small  for  further 
examination. 

The  Crystalline  Unsaturated  Acid,  CgH^COgH. — This  dissolves 
slowly  in  cold,  concentrated  potassium  carbonate  solution,  re- 
duces a  cold  solution  of  potassium  permanganate  instantly  and 
is  too  readily  soluble  in  the  ordinary  organic  solvents  to  be  re- 
crystallized  from  them.  One-tenth  of  a  gram  of  the  acid  neu- 
tralized 6.18  cc.  of  0.1  N  alcoholic  potassium  hydroxide  solu- 
tion.    Calculated,  6.49  cc. 

I.  0.1658  gram  substance  gave  0.4302  gram  CO^  and  0.1347 
gram  H.^0. 

II.  0.2232  gram  substance  gave  0.5762  gram  CO.,  and  0.1818 
gram  H^O. 


Calculated  for 
CsHjsCOaH. 

I. 

Found. 

II. 

c 

H 

70.07 
9.17 

7075 
9.10 

70.40 

9-13 

In  order  to  further  purify  the  substance,  it  was  dissolved  in 
very  dilute,  aqueous  potassium  hydroxide,  and  precipitated 
with  dilute  sulphuric  acid  as  a  snow-white,  caseous  mass. 
It  was  precipitated  in  this  manner  6  times,  the  first 
alkaline  solution  being  extracted  with  ether,  and  the  dissolved 
ether  removed  under  diminished  pressure,  before  precipitating. 
It  was  then  twice  dissolved  in  potassium  carbonate  solution 
and  precipitated  as  before,  the  first  potassium  carbonate  solu- 
tion being  extracted  with  ether  to  remove  any  lactones  which 
might  be  present. 

As  stated  above,  the  acid  boils,  or  rather  sublimes,  at  130°- 
133°  (21  mm.).  The  acid,  separated  from  its  calcium  salt, 
melts  at  152°-! 54°.  A  solution  of  the  acid  in  a  solution  of 
sodium  carbonate  decolorizes  a  solution  of  potassium  perman- 
ganate instantly. 
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About  10  years  ago  Walker  and  Henderson^  prepared  an 
acid,  which  melted  at  153°,  from  the  mixtures  of  esters  obtained 
by  the  electrolysis  of  potassium  alloethylcamphorate.  The 
acid  was  obtained  from  that  part  of  the  ester  which  was  most 
difficult  to  saponify  and  which  had  been  boiled  for  a  long  time 
with  alcoholic  potassium  hydroxide.  It  seems  altogether  proba- 
ble that  the  two  acids  are  identical.  It  is  possible  that  in 
both  cases  the  acid  was  formed  by  the  action  of  the  alkali  on 
y-lauronolic  (  "  allocampholy tic" )  acid. 

Silver  Salt,  CJi^^CO^Ag. — This  was  obtained  by  precipita- 
tion from  a  solution  of  the  sodium  salt.  The  analysis  gave 
41.48  and  41.35  per  cent  Ag.     Calculated,  41.33  per  cent. 

Calcium  Salt,  (CJi^^CO.i)jCa.'H../D. — This  salt  separates  in 
large,  well  formed  crystals.  It  is  more  soluble  in  cold  than  in 
hot  water.     The  crystals  are  efflorescent. 

I.  0.1924  gram  salt  lost  0.0088  gram  H^O  at  102°  and  gave 
0.0719  gram  CaSO^. 

II.  0.1774  gram  salt  lost  0.0080  gram  H2O  at  102°  and  gave 
0.0664  gram  CaSO^. 

III.  0.3430  gram  salt  lost  0.0170  gram  H^O  at  102°. 


Calculated  for 
(C8Hi3C02)2Ca.H20. 

I. 

Found. 
II. 

III. 

H,0 

Ca 

4.94 
1 1. 01 

4-57 
II. 01 

4-51 
11.02 

4-95 

Substances  not  Volatile  with  Water  Vapor. — The  mixture  of 
the.se  products  was  fractionated  under  diminished  pressure,  in 
order  to  obtain,  especially,  the  hydroxy lauronic  acid,  if  such 
were  present.  The  boiling  point  of  this  acid  is  given  at  i8o°- 
185°  (25  mm.).'*  The  fraction  obtained  under  these  condi- 
tions was  extremely  small,  am.ounting  to  less  than  1.5  grams, 
and  was  impure,  as  is  shown  by  the  following  analyses  of  the 
product,  the  impurity,  undoubtedly,  being  the  crystalline 
body  which  constitutes,  by  far  the  larger  part  of  the  mixture. 

I.  0.1140  gram  snbstance  gave  0.2706  gram  COj  and  0.0941 
gram  H2O. 

1  J.  Chem.  Soc,  37,  343.  The  melting  point  is  given  in  that  paper  as  158°,  but 
Prof.  Walker  writes  me  that  this  is  a  misprint.  w.  a.  n. 

2  This  Journal,  32,  289. 
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II.  0.1229  gram  substance  gave  0.2898  gram  CO,  and  0.0998 
gram  H^O. 


Calculated  for 

Found. 

C8lf4(OH)C02H. 

I. 

11. 

c 

62.73 

64.73 

64.31 

H 

9.38 

9.20 

9.09 

.CO 

The  New  Lactone,  C^Yi.^/   \     .  —The  body  is  deposited  from 

\o 

its  solution  in  ether  and  by  sublimation,  in  beautiful  crystals. 
L,ike  the  crystalline,  unsaturated  acid,  it  is  too  soluble  in  the 
usual  organic  solvents  to  be  recrystallized  from  them.  It  does 
not  reduce  a  neutral  solution  of  potassium  permanganate. 
Fractional  distillation,  under  reduced  pressure,  was  found  to  be 
an  unsatisfactory  method  of  purification  ;  however,  several 
fractionations  of  the  substance  were  made,  using  the  Claisen 
bulb  already  described.  The  exact  boiling  point  of  the  sub- 
stance was  not  found,  owing  to  its  tendency  to  sublime.  After 
distilling  several  times  it  was  observed  that  at  126°  (27  mm.), 
practically  all  of  the  substance  had  passed  over.  The  pure 
lactone  melts  at  164°-! 65°. 

The  substance  does  not  dissolve  in  strong  potassium  car- 
bonate solution,  and  shaking  with  such  a  solution  affords  the 
best  method  of  separation  from  accompanying  acid  substances. 
The  following  figures  were  obtained  for  carbon  and  hydrogen, 
they  agree  best  with  the  formula  CgHj^O,. 

I.  0.2848  gram  substance  gave  0.7280  gram  CO.^  and  0.2290 
gram  HjO. 

II.  o.  1416  gram  substance  gave  0.3620  gram  C02ando.ii22 
gram  H^O. 

III.  0.2208  gram  substance  gave  0.5694  gram  CO,  and 
0.1 79 1  gram  H^O. 

Calculated  for  Found. 

/CO 
CgHuCl     .  I.  II.  III. 

^O 

C  70.07  69.71         69.72         70.33 

H  9.17  9.01  8.85  9.09 

The  lactone  is  dextrorotatory ;  2.0289  grams,  dissolved  in 
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absolute  alcohol  and  diluted  to  a  volume  of  20  cc,  gave,  at 
22°. 4,  in  a  2  decimeter  tube,  a  rotation  of  2°. 82  to  the  right, 
from  which  [ajn  =  4-i3°-87. 

Hydroxy  Acid  Corresponding  to  the  Lactone,  CgH,^(0H)C02H. 
— From  a  solution  of  the  lactone  in  barium  hydroxide,  acids  pre- 
cipitate the  corresponding  hydroxy  acid.  This  melts  at  189°.  5, 
with  decomposition  but  no  discoloration. 

0.1932  gram  substance  gave  0.4459  gram  COj,  and  0.1576 
gram  H2O. 


Calculated  for 

C8H4(0H)C02H. 

Found. 

c 

62.73 

62.94 

H 

9-38 

9.14 

Silver  nitrate  gives  no  precipitate  in  a  solution  of  the  potas- 
sium salt  of  the  hydroxy  acid. 

The  barium  salt,  [C8Hi,(OH)COj,Ba.4HjO,  crystallizes 
well. 

I.  0.2260  gram  salt  lost  0.0284  gram  H2O  at  102°  and  gave 
0.0962  gram  BaSO^. 

II.  0.2105  gram  salt  lost  0.0262  gram  HjOat  102°  and  gave 
0.0895  gram  BaSO^. 

III.  0.3821  gram  salt  lost  0.0480  gram  HjO  at  102". 

Calculated  for  Found. 

[C3Hi4(0H)C02]2Ba.4H20.       I.  II.  III. 

H,0  13.06  12.56         12.44         12.55 

Ba  24.90  25.05         25.02  .    . 

Pharmacological  Laboratory, 

Johns  Hopkins  University, 

January,  1906. 


THE    REACTION   BETWEEN   UNSATURATED    COM- 
POUNDS AND   ORGANIC  MAGNESIUM  COM- 
POUNDS. 

VIII.    REACTIONS  WITH  a,/3-UNSATURATED  NITRILES. 
By  E.  p.  Kohler. 

In  an  earlier  paper^  it  was  shown  that  the  reaction  between 
a-cyancinnamic  esters  and  Grignard's  reagent  does  not  involve 

1  This  Journal,  33,  333. 
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the  cyanogen  group.  This  result  led  to  the  conclusion  that 
the  system,  C  :  CC  :  O,  combines  with  organic  magnesium 
compounds  more  readily  than  the  system,  C  :  CC  ]  N,  and  this 
conclusion  was  supported  by  some  preliminary  experiments 
made  with  a, y8- unsaturated  nitriles.  In  continuation  of  this 
work,  I  began  a  study  of  the  reaction  with  esters  of  a-cyan- 
cinnamylideneacrylic  acid,  but  the  results  obtained  were  so 
complex  that  it  seemed  advisable  to  make  a  more  careful  in- 
vestigation of  the  reaction  with  unsaturated  nitriles. 

It  seems  probable  that  the  cyanogen  group  combines  with 
Grignard's  reagent  more  readily  than  carbonyl,  because  Blaise 
found^  that  it  is  possible  to  regulate  the  reaction  with  ethyl 
cyanacetate  in  such  a  way  that  only  the  cyanogen  is  attacked  : 

RMgBr  +  N  :   CCH.CO^C.Hs     -= 

BrMgN  :  C(R)CH,COOC,H5     ^^     RCOCH.COOC.H^. 

To  what  extent  the  properties  of  the  group  are  modified  by 
the  presence  of  the  ethylene  linkage  is  not  clear,  because  very 
few  experiments  with  unsaturated  nitriles  have  been  de- 
scribed ;  but  the  difficulties  experienced  in  hydrolyzing  these 
substances,*  and  in  the  efforts  made  to  reduce  them  to  the  cor- 
responding amines,^  indicate  that  the  cyanogen  in  unsaturated 
nitriles  is  less  reactive  than  that  in  saturated  compounds. 

It  is  certain  that  the  presence  of  cyanogen  in  the  a-position 
greatly  increases  the  apparent  reactivity  of  the  ethylene  link- 
age. This  is  shown  by  the  ease  with  which  unsaturated 
nitriles  are  reduced  to  saturated  compounds  and,  especially,  by 
the  fact  that  these  nitriles,  like  the  corresponding  unsaturated 
ketones  and  esters,  readily  combine  with  substances  that  con- 
tain mobile  hydrogen.  Vorlander  found,*  for  example,  that 
in  the  presence  of  sodium  ethylate  cinnamonitrile  adds  ethyl 
malonate,  according  to  the  equation  : 

C,H,CH  :  CHCN  +  CH.CCO.C.H^),     = 

NCCH^CHCCeHJCHCCOAHJ,. 

1  Compt.  rend.,  139,  674. 
^  Ann.  Chem.  (I^iebig),  250,  157. 
'  Ber.  d,  chem.  Ges.,  23,  2859. 
*  Ann.  Chem.  (I,iebig),  320,  98. 
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Similarly,  Henze^  obtained  the  nitrile  of  symmetrical  tri- 
phenylglutaric  acid  by  adding  benzyl  cyanide  to  a-phenylcin- 
namonitrile  : 

QH.CH  :  C(C,H,)CN  +  C,H,CH,CN     = 

C,H,CH(CN)CH(C,H,)CH(C,HJCN. 

In  all  of  these  cases,  however,  the  primary  reaction  may 
consist  in  1,4-addition  to  the  conjugated  system  C  :  CC  \  N, 
and  it  was  hoped  that  a  study  of  the  reaction  between  unsat- 
urated nitriles  and  Grignard's  reagent  would  bring  some  light 
on  this  question. 

The  experiments  described  in  the  present  paper  were  made  with 
cinnamonitrile,  a-phenylcinnamonitrile,  and  ^-phenylcinnamo- 
nitrile.  With  the  first  and  last  of  these,  only  products  similar 
to  those  obtained  from  saturated  nitriles  could  be  isolated. 
Cinnamonitrile  and  phenylmagnesium  bromide,  for  example, 
gave  benzalacetophenone  : 

CeH.CH  :  CHCN  -f  C^H.MgBr     = 

CgHjCH  :  CHClCeHJ  :  NMgBr  —  QH^CH  :  CHCOCeH^. 

The  results  obtained  with  these  substances  are,  however, 
not  conclusive  because,  as  has  been  found^  with  nearly  all  un- 
saturated compounds  having  hydrogen  in  the  or-position,  the 
reactions  are  far  from  complete  and  the  yields  poor. 

The  experiments  with  a-phenylcinnamonitrile  are  much 
more  satisfactory  because  the  reactions  are,  for  the  most  part, 
quantitative  and  it  is,  therefore,  possible  to  account  for  all 
of  the  material  that  is  used.  With  ethylmagnesium  bromide 
98  per  cent  of  the  final  product  consists  of  stereoisomeric  ni- 
triles, formed  according  to  the  equation  : 

QH^CH  :  C(C,H,)CN  +  C,H,MgBr  +  H,0     = 

C6H,CH(C,HJCH(CeH,)CN  +  MgBrOH. 

It  is  evident,  from  this  result,  that  the  reagent  combines 
either  with  the  unsaturated  carbon  atoms  or  with  carbon  and 
nitrogen  in  the  1,4-positions.  The  two  possible  formulas  of 
the  magnesium  derivatives  are,  therefore, 

1  Ber.  d.  chem.  Ges.,  31,  3059. 
«  This  Journal,  34,  568. 
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C,H,CH(C,H,)C(C,H,)(CN)MgBr 
I. 


and 


C,H,CH(C,H,)C(C,HJ  :  C  :  NMgBr. 
II. 


In  view  of  the  fact  that  Grignard's  reagent  does  not  com- 
bine with  unsaturated  hydrocarbons/ and  by  analogy  with  the 
results  obtained  with  unsaturated  esters  and  ketones,  the  sec- 
ond formula  seems,  a  priori,  the  more  probable  one.  It  was 
found,  however,  that  the  magnesium  derivatives  obtained  from 
nitriles  differ  markedly  from  those  obtained  from  esters  and 
ketones.  The  latter  do  not  re^ct  with  simple  halogen  alkyls, 
and  they  give  0-alkyl  derivatives  with  the  unusually  reactive 
diphenylbrommethane.  The  former  react  with  ethyl  iodide  in 
the  cold  and  the  products  are  C-alkyl  derivatives.  The  mag- 
nesium derivative  from  ethylmagnesium  bromide,  for  example, 
gives 

C,H,CH(C,H,)C(CN)(C,H,)C,H,. 

This  reaction  is  exactly  like  the  one  that  is  used  for  intro- 
ducing alkyl  into  substances  like  cyanacetic  ester,  malonitrile 
and  benzyl  cyanide,  by  means  of  metallic  derivatives.  For 
these  derivatives  most  writers  use  a  formula  analogous  to  I., 
but  this  is  done,  probably,  simply  as  a  matter  of  convenience, 
because  there  is  no  evidence,  that  at  present  can  be  regarded 
as  valid,  in  favor  of  such  a  formula.  Nef*  has  proposed  a  for- 
mula analogous  to  II.  To  account  for  the  reactions  of  ethyl- 
sodium  cyanacetate,  for  example,  he  uses 

NaN  :  C  :  CHCOOC.H^ 

and  he  has  succeeded  in  finding  considerable  evidence  in  favor 
of  this  arrangement.  While  this  is,  in  itself,  not  conclusive, 
it  is  supported  by  all  the  recent  work  on  tautomerism. 

It  will  be  shown,  in  the  experimental  part,  that  most  of  the 
reactions  of  the  magnesium  derivative  can  be  interpreted  on 
the  basis  of  either  formula  ;  but  Formula  I.  seems  improbable 

•  This  Journal,  31,  642. 

-  Ibid.,  18,  723.    Ann.  Chem.  (Uebig),  287,  265. 
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on  more  general  grounds.  This  arrangement  represents  a  com- 
plex Grignard  derivative  containing  a  tertiary  alkyl  group,  and 
it  is  highly  improbable  that  such  a  substance  would  be  formed 
by  addition  to  unsaturated  carbon  atoms  when  the  unsaturated 
compound  contains  the  much  more  reactive  cyanogen  group. 
Moreover,  substances  of  this  type  cannot  be  made  by  treating 
a  tertiary  alkyl  haloid  with  magnesium  in  the  usual  way. 
This  was  established  in  the  present  case  by  treating  the  corre- 
sponding bromine  compound  with  magnesium.  No  reaction 
took  place  until  the  unusually  reactive  magnesium  of  Baeyer' 
was  used,  and  then  the  product  was  a  mixture  of  reduction 
products  that  did  not  contain  a  trace  of  reactive  magnesium. 

The  magnesium  derivative  in  question  does  not  behave  like 
a  Grignard  reagent.  It  was  boiled  with  acetaldehyde,  ace- 
tone, ethyl  acetate,  benzaldehyde  and  benzophenone,  and 
while  the  aromatic  compounds  gave  brilliantly  colored  precipi- 
tates, treatment  with  ice-water  in  each  case  resulted  in  the 
liberation  of  unchanged  aldehyde,  ketone,  or  ester.  These  re- 
sults are  not  conclusive,  because  it  is  known  that  complex 
magnesium  derivatives  do  not  always  react  like  the  simpler 
substances,^  but  taking  all  available  facts  into  consideration,  I 
regard  Formula  II.  as  the  more  probable  and,  therefore,  as- 
sume that  with  ethylmagnesium  bromide  the  reaction  consists 
in  1,4-addition. 

With  phenylmagnesium  bromide  the  same  nitrile  gives  two 
products — an  unsaturated  ketone  and  a  saturated  nitrile  : 

CfiH^CH  :  CfC^HJCN  +  QH^MgBr     = 

C«H,CH  :  C(C«H,)C(CeH,)  :  NMgBr     -> 

C,H,CH  :  C(C,H,)C(C,H,)  :0; 

C,H,CH  :  C(C,H,)CN  -f  CeH.MgBr     = 

(C,H,),CHC(C,H,)  :  C  :  NMgBr    -> 

(CeH,),CHCH(C,H,)CN. 

This  result  is  evidently  not  in  harmony  with  Thiele's  theory 
of  partial  valences. 

1  Ber.  d  chem.  Ges.,  38,  2759. 
*  /6id.,  36,  4272. 
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EXPERIMENTAL  PART. 
/.  a-Phenylcinnamonitrile  and  Ethylmagnesium  Bromide. 

Preliminary  experiments  showed  that  the  action  between 
the  nitrile  and  alkylmagnesium  compounds  is  not  influenced  by 
the  conditions  under  which  they  are  allowed  to  react,  and  that 
the  nature  of  the  product  is  not  dependent  upon  the  relative 
amounts  of  the  reagents.  In  these  experiments  both  ethereal 
solutions  of  ethylmagnesium  bromide,  made  in  the  ordinary 
way,  and  ligroin  solutions  of  ethylmagnesium  iodide  made  ac- 
cording to  TschelinzefiF  were  used.  In  some  experiments  the 
nitrile  was  added  to  an  excess  of  the  magnesium  compound, 
while  in  others  the  magnesium  compound  was  siphoned  into 
an  excess  of  nitrile,  and  in  each  case  one  reaction  was  carried 
out  at  the  boiling  point  of  the  solvent  while  another  was  al- 
lowed to  proceed  slowly,  at  the  temperature  of  a  freezing  mix- 
ture. The  primary  product  is  always  a  dark  red  substance 
that  is  soluble  in  ether,  but  insoluble  in  ligroin,  from  which  it 
separates  as  a  paste.  On  treatment  with  water  it  gives  ethane, 
unchanged  nitrile  and  magnesium  salts.  It  is,  therefore,  a 
double  compound  containing  the  nitrile  in  place  of  ether. 

When  the  nitrile  is  added  to  boiling  solutions  this  red  prod- 
uct disappears  almost  as  fast  as  it  is  formed,  until  the  solution 
contains  an  excess  of  nitrile,  when  it  becomes  permanent.  In 
the  cold  the  disappearance  of  the  color  and  the  occurrence  of 
the  reaction  take  place  very  slowly,  but  the  amount  of  nitrile 
required  to  produce  a  permanent  color  is  the  same  as  in  boiling 
solutions.  The  product,  obtained  by  treatment  with  water  at 
this  stage,  contains  no  unchanged  nitrile.  If  more  nitrile  is 
added,  before  treatment  with  water,  the  color  becomes  deeper 
and  finally  blood-red  crystals  separate  from  the  solution,  but 
when  these  are  decomposed  with  water  the  excess  of  nitrile  is 
recovered  unchanged. 

In  all  subsequent  experiments  the  procedure  was  as  follows  : 
Solid  nitrile  was  added,  in  small  portions,  to  a  boiling  solution 
of  ethylmagnesium  bromide,  until  a  faint  but  persistent  color 
appeared  in  the  liquid.  The  resulting  solution,  which  for 
brevity  will  be  referred  to  as  the  magnesium  derivative,  was 
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then  treated  with  the  various  reagents,  as  described  in  the  fol- 
lowing account : 

n,/3-Diphenylvaleronitrile,  C6H,CH(C,H,)CH(C«HJCN.  — 
The  magnesium  derivative  was  poured  on  cracked  ice,  the 
basic  salts  dissolved  with  hydrochloric  acid  and  the  ethereal 
layer  washed  and  evaporated  in  a  draught.  It  jBrst  deposited 
a  hard,  granular  solid  and  then  a  considerable  quantity  of 
colorless  oil.  The  oil  was  drawn  off  with  a  pump,  the  solid 
washed  with  cold  alcohol  and  repeatedly  recrystallized  from 
boiling  alcohol.  It  was  thus  obtained  in  small,  lustrous  crys- 
tals, readily  soluble  in  acetone  and  boiling  alcohol,  moderately 
in  cold  alcohol  and  ether.     The  melting  point  is  115°. 

The  oil  that  accumulated  in  the  mother  liquors  from  this 
solid  was  dissolved  in  ether,  the  solution  dried  with  sodium 
sulphate  and  fractioned  under  diminished  pressure.  It  was 
thus  separated  into  two  substances  :  The  solid  previously  de- 
scribed, melting  at  115°  and  boiling  at  235°-240°  (20  mm.) 
and  a  colorless  oil,  boiling  at  2io°-2i2°  (20  mm.),  which  re- 
mained liquid  in  a  freezing  mixture.  Both  of  these  substances 
were  indifferent  to  potassium  permanganate  in  acetone  solu- 
tion— therefore  saturated — and  a  qualitative  test  showed  that 
both  contain  nitrogen.  The  analyses  prove  that  they  are  iso- 
meric : 

I.  0.1560  gram  solid  gave  0.4972  gram  COj  and  0.1018 
gram  H^O. 

II.  0.17 15  gram  oil  gave  0.5470  gram  CO,  and  0.1158  gram 
H,0. 

Calculated  for  Found. 

CnHijN.  I.  II. 

C  86.81  86.91  86.93 

H  7.23  7.25  7.45 

As  a,j8-diphenylvaleronitrile  contains  2  asymmetric  carbon 
atoms  it  seemed  likely  that  these  two  substances  represented 
the  two  possible  racemic  modifications.  This  conjecture  was 
verified  by  hydrolysis.  It  was  not  possible  to  get  more  than  a 
trace  of  acid  by  boiling  either  of  the  substances  with  alcoholic 
potassium  hydroxide,  but  complete  hydrolysis  was  obtained  by 
heating  them  to  180°  with  concentrated  hydrochloric  acid,  for 
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4  hours.  The  result  was  the  same  with  each  substance — a 
mixture  of  isomeric  acids  differing  but  slightly  in  solubility  in 
common  solvents.  The  mixture  was  partially  separated  by 
several  crystallizations,  but  sharp  melting  points  were  obtained 
only  after  many  recrystallizations  from  ligroin. 

a,l3-Diphenylvaleric  Acids,  C,H,CH(C,H5)CH(C6H5)CO,H.— 
The  high-melting  acid  separates  from  ligroin  in  very  small, 
lustrous  plates,  melting  at  178°.  When  free  from  the  lower- 
melting  isomer  it  is  only  moderately  soluble  in  ether  and  very 
sparingly  in  ligroin.     Analysis  : 

0.1235  gram  substance  gave  0.3657  gram  CO^  and  0.0780 
gram  HjjO. 


Calculated  for 
C17H18O2. 

Found. 

c 

80.30 

•          80.50 

H 

7.00 

7.02 

The  low-melting  acid  is  also  sparingly  soluble  in  ligroin, 
but  it  separates  from  solution  much  more  slowly  than  its  iso- 
mer. It  is  easily  recognized  in  a  mixture  of  the  two  because 
it  is  always  deposited  in  clusters.  It  is  readily  soluble  in  alco- 
hol and  ether  and  it  melts  at  i52°-i53°.     Analysis  : 

0.1380  gram  substance  gave  0.4063  gram  COj  and  0.0866 
gram  HjO. 


Calculated  for 

CnHigOa. 

Found. 

c 

80.30 

80.29 

H 

7.00 

7.02 

As  each  of  the  nitriles,  on  hydrolysis,  gave  a  mixture  of 
these  two  acids,  it  seemed  probable  that  the  acids  could  be 
mutually  transformed  by  heating  with  concentrated  hydro- 
chloric acid.  This  was  found  to  be  the  case.  After  heating 
at  180°,  for  24  hours,  each  gave  a  mixture  of  the  two  acids. 

a-Ethyl-a,l3-diphenyIvaleronitrile, 
CsH,(C,H,)CHC(C,H,)(CeHJCN.— The  magnesium  derivative 
was  treated  with  a  little  more  than  the  calculated  quantity  of 
ethyl  iodide  and  the  mixture  boiled  for  several  hours.     The 
resulting  clear  solution  was  poured  into   ice- water  and   the 
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product  isolated  in  the  usual  way.  The  reaction  is  a  remark- 
ably clean  one  and  98  per  cent  of  the  unsaturated  nitrile  used 
in  the  preparation  of  the  magnesium  derivative  is  contained  in 
the  single  substance  isolated.  This  was  easily  purified  by 
crystallization  from  alcohol  or  ligroin.  It  crystallizes  in  large 
tabular  plates,  melting  at  105°,  readily  soluble  in  acetone, 
alcohol,  ether  and  chloroform  ;  moderately  in  ligroin.  Analy- 
sis : 

I.  0.1464  gram  substance  gave  0.4643  gram  COj  and  0.1082 
gram  H^O. 

II.  0.40 II  gram  substance  gave  19.5   cc.    N  at  21°  and  755 
mm. 


c 

H 

N 

Calculated  for 
C19H01N. 

86.69 

7.98 

5-32 

Found. 
I.                                  II. 

86.49                            .     . 

8.20                            .     . 

•    •                    5-49 

The  molecular 

weight  determined  in  boiling  acetone  : 

K  = 

1710. 

Solvent. 
Grams. 

Substance. 
Grams. 

Elevation  of              Molecular 
boiling  point.                weight. 

23.00 

1.0645                         0.316                        250 
1.5865                         0.428                        251 

Calculated  for  CigH^iN,     263 

It  was  extremely  difficult  to  establish  the  structure  of  this 
compound  because  the  cyanogen  group  does  not  give  any  of 
its  usual  reactions.  That  it  would  be  difficult  to  hydrolyze  it 
could  be  anticipated  from  the  experiences  of  K.  Fischer^  and  of 
Victor  Meyer^  with  similarly  constituted  substances.  Fischer 
succeeded  in  getting  tripheuylacetic  acid  by  heating  its  nitrile 
to  22o°-228°,  with  a  mixture  of  concentrated  hydrochloric  and 
glacial  acetic  acids,  but  similar  treatment  of  this  compound 
gave  only  unchanged  nitrile.  Victor  Meyer  and  his  pupils 
found  that  it  is  generally  possible  to  transform  refractory 
nitriles  into  acid  amides  by  protracted  boiling  with  aqueous 
alcoholic  potassium  hydroxide.     This  was  tried,  but  the  sole 

1  Ann.  Chem.  (lyiebig),  194,  262. 

2  Ibid.,  aso,  157. 
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effect,  after  boiling  for  6  days,  was  found  to  be  the  elimination 
of  a  small  quantity  of  cyanogen  as  potassium  cyanide.  After 
vainly  trying  Gattermann's^  and  Sudborough's^  modifications 
of  Bouveault's  method,  all  attempts  at  direct  hydrolysis  were 
abandoned. 

The  nitrile  was  then  treated  with  Grignard's  reagent,  in  the 
expectation  of  getting  a  ketone  that  could  subsequently  be 
transformed  into  the  acid  ;  but  even  this  reaction,  which  takes 
place  so  readily  with  simpler  nitriles,  failed.  After  boiling 
for  a  day  with  methylmagnesium  iodide  and  phenylmagne- 
sium  bromide  the  entire  amount  of  nitrile  was,  in  each  case, 
recovered. 

The  structure  of  the  substance  was  finally  established  by 
reduction.  I^adenburg's  method,  using  sodium  in  boiling  ab- 
solute alcohol,  proved  inefficient,  but  when  boiling  amyl  alco- 
hol was  substituted  for  ordinary  alcohol  the  nitrile  slowly  dis- 
appeared and  no  unchanged  substance  could  be  detected  after 
adding  15  times  the  calculated  amount  of  sodium.  The  alco- 
holic layer,  on  distillation  with  steam,  gave  a  solid  that  is 
much  less  volatile  with  steam  than  amyl  alcohol.  More  of  this 
solid  was  obtained  by  fractioning  the  alcoholic  distillate  under 
diminished  pressure.  The  solid  was  purified  by  crystallization 
from  ligroin.     Analysis  : 

0.1575  gram  substance  gave  0.5245  gram  CO2  ando.  1312 
gram  H^O. 


calculated  for 

C,8H,2. 

Found. 

c 

90.8 

90.8 

H 

9.2 

9-3 

The  substance  is  3,4-diphenylhexane.  It  melts  at  92°, 
boils  at  175°  (20  mm.)  and  is  readily  soluble  in  organic  sol- 
vents. 

The  alkaline  solution  contained  all  the  cyanogen  as  potas- 
sium cyanide,  hence  the  reduction  is  represented  by  the  equa- 
tion : 

1  Ber.  d.  chem.  Ges.,  30,  1279. 
^ /bid.,  28,  917. 
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CeH,(C,H,)CHC(C,H,)(C,HJCN  +  H,     = 

C,H,(C,H,)CHCH(C,HJC,H,  +  HCN. 

Methyldiphenyhaleronitrile,  C,H,(C,H5)CHC(CH3) (CeH,)CN, 
was  made  for  the  purpose  of  ascertaining  whether  it  would  be 
easier  to  hydrolyze  it  than  the  corresponding  ethyl  derivative. 
It  crystallizes  in  prisms,  is  readily  soluble  in  alcohol  and  ether, 
and  melts  at  99°.     Analysis  : 

o.  1311  gram  substance  gave  0.4160  gram  COj  and  0.0909 
gram  H^O. 


Calculated  for 

C18H19N. 

Pound. 

c 

86.74 

86.54 

H 

7.62 

7.70 

All  eflforts  to  hydrolyze  the  substance  were  unsuccessful. 

Benzyldiphenyhaleronitrile , 
CeH,(C,H,)CHC(CH,C,H,)(C,H5)CN.— Victor  Meyer  and  his 
pupils  found  it  impossible  to  introduce  a  benzyl  group  into 
benzyl  cyanide,  in  which  one  hydrogen  had  previously  been  re- 
placed by  methyl,  ethyl,  or  benzyl.  It  was  of  interest,  there- 
fore, to  determine  whether  such  a  group  can  be  introduced  by 
means  of  the  magnesium  derivative.  It  was  found  that,  while 
the  latter  reacts  more  slowly  with  benzyl  bromide  than  with 
ethyl  iodide,  the  final  result  is  just  as  satisfactory,  the  yield  of 
the  new  compound  being  almost  the  calculated  amount.  The 
product  of  the  reaction  was  poured  into  water  and  distilled 
with  steam,  to  remove  excess  of  benzyl  bromide  and  a  small 
quantity  of  the  ethyl  derivative  formed  from  the  excess  of 
ethyl  bromide  used  in  the  preparation  of  the  magnesium  de- 
rivative. The  residue  was  purified  by  crystallization  from 
alcohol  and  benzene.  From  the  latter  it  crystallized  in 
needles,  containing  i  molecule  of  benzene,  which  it  loses 
slowly  at  the  ordinary  temperature.     Analysis  : 

0.7663  gram  substance  lost  0.1471  gram  at  100°. 


CeHe 


Calculated  for 
Co4H23N.CeH5. 

Found. 

19.30 

19.21 
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I.  0.1300  gram  substance  gave  0.4213  gram  CO2  and  0.0844 
gram  H^O. 

II.  0.4090  gram  substance  gave  16.7  cc.    N  at  23°  and  753 
mm. 


Calculated  for 
C04H03N. 

I. 

Found. 

II. 

c 

88.59 

88.39 

H 

7.10 

7.21 

, 

N 

4-31 

4-! 

The  molecular  weight  determined  in  boiling  acetone 
K  =  1710. 


Elevation  of 

Molecular 

Solvent. 

Substance. 

boiling  point. 

weight. 

Grams. 

Grams. 

550 

0.7460 

0.074 

313 

" 

I    1505 

0. 116 

300 

1.8370 

0.187 

306 

Calculated  for  C„H,,N, 

325 

The  compound  is  readily  .soluble  in  benzene,  acetone  and 
boiling  alcohol,  sparingly  soluble  in  cold  alcohol  and  ligroin. 
It  melts  at  140°. 

All  of  these  alkyl  derivatives  contain  two  unequal,  asym- 
metrical carbon  atoms  and  are,  therefore,  capable  of  existing 
in  two  inactive  modifications,  but  only  one  substance  was  ob- 
tained in  each  case.  It  follows  that  only  one  magnesium  de- 
rivative is  formed  when  ethylmagnesium  bromide  combines 
with  phenylcinnamonitrile,  and  that  the  two  stereoisomeric 
diphenylvaleronitriles  described  above  result  from  the  process 
of  decomposing  this  magnesium  derivative  with  water.  It  is 
possible  to  vary  the  relative  amounts  of  the  isomers,  but  it  has 
not  been  feasible,  up  to  this  time,  to  direct  the  reaction  in  such 
a  way  as  to  get  only  one  substance. 

Benzoyldiphenylvaleronitrile, 
C,H,CH(CeH,)C(COC,H,)(C,H,)CN     or 

C,H,CH(C,H,)C(C«H,)  :  C  :  NCOQH,.- 
The  magnesium  derivative  was  treated  with  an  equivalent 
quantity  of  benzoyl  chloride  and  the  mixture  boiled  for  an 
hour.     The  product  separated  in  the  solid  form  when  the  solu- 
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tion  was  poured  into  ice-water.  The  reaction  is  a  clean  one 
and,  like  that  with  halogen  alkyls,  gives  but  one  substance, 
which  is  obtained  in  calculated  quantity.  It  was  purified  by 
crystallization  from  alcohol,  from  which  it  separated  in  large 
needles,  melting  at  137°.  It  is  readily  soluble  in  chloroform, 
acetone  and  boiling  alcohol,  moderately  in  cold  alcohol  and 
ether,  very  sparingly  in  ligroin.     Analysis  : 

0.1520  gram  substance  gave  0.4748  gram  COj  and  0.0858 
gram  HjO. 


Calculated  for 
C24H21ON. 

Found. 

c 

85.00 

85.18 

H 

6.12 

6.26 

The  benzoyl  derivative  does  not  reduce  a  solution  of  potas- 
sium permanganate  and  it  is  indifferent  to  bromine.  It  is  very 
easily  hydrolyzed  both  by  acids  and  bases,  the  sole  products, 
in  each  case,  being  the  solid  diphenylvaleronitrile  and  benzoic 
acid.  Although  it  is  not  feasible,  at  present,  to  distinguish 
between  the  two  possible  formulas  written  above,  the  first 
seems  the  more  probable  in  view  of  the  relatively  low  melting 
point  and  the  fact  that  only  one  nitrile  is  formed  on  hydrolysis. 

The  acid  C,H5CH(C,H3)C(CeH.)(CN)COOH  or 

C,H,CH(CeH,)C(C,H,)  :  C  :  NCO,H.-The 
magnesium  derivative  absorbed  dry  carbon  dioxide  rapidly 
and  passed  into  a  crystalline  solid  that  was  insoluble  in  ether. 
This  was  thoroughly  washed  with  anhydrous  ether,  then  sus- 
pended in  ice-water  and  cautiously  acidified  with  iced  hydro- 
chloric acid.  The  organic  acid  separated  as  an  oil,  and  all  ef- 
forts to  solidify  it,  or  get  it  in  any  other  form  suitable  for 
analysis,  failed.  That  it  is  a  single  substance  is  certain,  be- 
cause it  breaks  down  when  warmed  and  gives,  as  the  only 
products,  carbon  dioxide  and  solid  diphenylvaleronitrile. 
At  low  temperatures  the  acid  is  fairly  stable.  After  standing 
in  an  ice  chest  for  several  days  it  still  dissolved  completely  in 
a  solution  of  sodium  bicarbonate.  At  the  ordinary  tempera- 
ture it  slowly  gives  oflF  carbon  dioxide  and  it  decomposes  in- 
stantaneously when  dropped  into  boiling  water.     The  salts  are 
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still  less  stable  than  the  acid.  The  solution  in  sodium  bicar- 
bonate became  milky  with  separated  nitrile  when  it  was  evap- 
orated at  0°,  in  a  vacuum,  and  when  the  oil  was  treated  with 
potassium  hydroxide  it  passed  into  the  solid  nitrile,  apparently 
without  previously  going  into  solution. 

3,4-Diphenylhexanone-2,  C,H5CH(CeH5)CH(C6H5)COCH3.— 
Diphenylvaleronitrile  (115°)  readily  reacts  with  methylmagne- 
sium  iodide.  The  reaction  was  studied  for  the  purpose  of  ascer- 
taining whether  it  would  yield  two  stereoisomeric  ketones.  This 
was  found  to  be  the  case.  One  of  the  ketones  separated  in  the 
solid  form  when  the  product  of  the  reaction  was  poured  into 
iced  hydrochloric  acid.  The  other  remained  in  the  ethereal 
solution  and,  on  evaporation,  deposited  as  an  oil.  The  solid 
was  purified  by  crystallization  from  alcohol.  It  was  obtained 
in  stout  needles,  melting  at  116°.  It  is  readily  soluble  in 
ether  and  acetone,  moderately  in  cold  alcohol,  sparingly  in 
ligroin. 

By  fractional  distillation,  under  diminished  pressure,  the  oil 
was  separated  into  two  substances,  the  ketone  already  de- 
scribed and  a  new  compound  that  solidified  in  the  receiver. 
The  latter,  after  crystallization  from  ligroin,  melted  at  56°. 
The  analyses  show  that  the  substances  are  isomeric. 

I.  0.1443  gram  substance  (116°)  gave  0.4547  gram  COj  and 
o.  1012  gram  HjO. 

II.  0.1313  gram  substance  (56°)  gave  0.4120  gram  CO^  and 
0.09279  gram  HjO. 


Calculated  for 

Found. 

C18H20O. 

I. 

II. 

c 

85.71 

85.82 

85.60 

H 

7-93 

7.76 

7.86 

The  oily  modification  of  diphenylvaleronitrile  was  also 
treated  with  methylmagnesium  iodide  and,  as  was  to  be  ex- 
pected, gave  a  mixture  of  the  same  two  ketones. 

Diphenylvalerophenone,  C,H,CH(CeH,)CH(CeHJCOCgHg.— 
Two  isomeric  ketones  are  also  obtained  when  either  the  solid 
or  the  oily  diphenylvaleronitrile  is  added  to  a  solution  of 
phenylmagnesium  bromide.     The  high-melting  ketone  crystal- 
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lizes  in  needles,  melting  at  170°.  It  was  purified  by  crystal- 
lization from  a  mixture  of  chloroform  and  alcohol.  It  is 
readily  soluble  in  acetone  and  chloroform,  sparingly  in  alcohol 
and  ether. 

The  low-melting  ketone  crystallizes  in  plates,  melting  at  92°. 
It  is  readily  soluble  in  alcohol  and  ether,  sparingly  in  ligroin. 
It  was  purified  by  crystallization  from  a  mixture  of  ligroin  and 
ether.     Analyses  : 

I-  0-I375  gram  substance  (170°)  gave  0.4443  gram  CO2  and 
0.0886  gram  H^O. 

II.  0.1234  gram  substance  (92°)  gave  0.3970  gram  CO2  and 
0-0783  gram  H^O. 


Calculated  for 

Found. 

C23H52O. 

I. 

II. 

c 

87-93 

88.05 

87.74 

H 

7.00 

7.16 

7-05 

In  view  of  the  results  just  described  and  those  recorded  in 
an  earlier  paper,^  it  is  probable  that  a  product  obtained  by 
Grignard's  reaction  always  contains  all  possible  racemic  modi- 
fications. 

//.  Phenylcinnamonitrile  and  Phenylmagnesium  Bromide. 

This  reaction,  as  stated  in  the  introduction,  always  gives 
rise  to  two  products  :  triphenylpropionitrile  and  benzaldesoxy- 
benzoin. 

There  is  no  evidence  of  action  when  the  reagents  are  brought 
together  at  the  ordinary  temperature  ;  the  solid  nitrile  dissolves 
in  the  ethereal  solution  of  the  magnesium  compound  without 
production  of  color  and  without  evolution  of  heat  and,  if  the 
clear  solution  is  immediately  poured  into  ice-water,  all  of  the 
nitrile  is  recovered.  The  reaction  proceeds  slowly,  however, 
even  in  an  ice  chest  and  becomes  comple:te  in  4  to  6  weeks. 
The  product,  on  treatment  with  ice-water,  gives  about  20  per 
cent  of  unsaturated  ketone.  The  remainder  is  triphenylpro- 
pionitrile. 

In  a  boiling  solution  of  the  magnesium  compound,  the  un- 
saturated nitrile  immediately  gives  rise  to  a  blood-red  color 

1  This  Journal,  38,  153- 
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that  slowly  disappears  again  on  continued  boiling.  The  reac- 
tion is  complete  after  2-3  hours  and  the  product,  treated  in 
the  usual  way,  gives  30-40  per  cent  of  unsaturated  ketone. 

It  is  difl&cult  to  separate  the  mixture  of  benzaldesoxybenzoin 
and  triphenylpropionitrile.  The  best  results  were  obtained  as 
follows  :  The  product  of  the  reaction,  diluted  with  2-3  times 
its  volume  of  ether,  is  poured  into  iced  hydrochloric  acid  con- 
tained in  a  separating  funnel.  The  magnesium  derivative  of 
the  nitrile  is  decomposed  at  once  and  most  of  the  nitrile  dis- 
solves in  the  ether,  while  the  magnesium  derivative  that 
yields  the  unsaturated  ketone  passes  into  a  thick  paste  which 
adheres  to  the  ice  and  the  walls  of  the  funnel.  By  drawing  off 
the  ethereal  solution  immediately,  a  fairly  good  separation  is 
obtained. 

The  paste  dissolves  slowly  when  it  is  shaken  with  ether  and 
dilute  hydrochloric  acid.  The  ethereal  solution,  on  evapora- 
tion and  dilution  with  alcohol,  first  deposits  the  high-melting 
modification  of  benzaldesoxybenzoin  and  then  a  small  quantity 
of  oil.  The  ketone  was  identified  by  analysis  and  comparison 
with  a  specimen  made  from  benzil.  The  oil  was  added  to  the 
ethereal  solution  obtained  directly  from  the  magnesium  com- 
pound. This  solution,  on  evaporation,  left  an  oil  that  solidi- 
fied, almost  completely,  on  standing.  The  solid  was  recrys- 
tallized  from  methyl  alcohol  until  it  melted  sharply  at  102°. 
The  analysis  and  reactions  given  below  show  that  it  is  tri- 
phenylpropionitrile. 

The  oily  residues  that  accumulated  from  the  mother  liquors 
were  dissolved  in  ether,  the  solution  dried  with  sodium  sul- 
phate and  fractioned  under  diminished  pressure.  The  only 
substances  obtained,  after  removing  small  quantities  of  phenyl 
bromide  and  diphenyl,  were  the  two  compounds  already  men- 
tioned. 

Triphenylpropionitrile,  (CgH5),CHCH(C6H5)CN,  prepared  as 
just  described,  crystallizes  in  plates  that  melt  at  102°.  It  is 
readily  soluble  in  alcohol  and  ether,  moderately  in  methyl 
alcohol,  sparingly  in  ligroin. 
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0.1496  gram  substance  gave  0.4890  gram  CO^  and  0.0935 
gram  H^O. 


Calculated  for 
CaiHnN. 

Found. 

c 

H 

88.26 
6.01 

88.21 
6.20 

Triphenylpropionamide,  {Q,YL^\QYLQ.Y{{Q,Ii,)CO^'a„  was  ob- 
tained by  heating  the  nitrile  to  160°,  for  4  hours,  with  con- 
centrated hydrochloric  acid.  The  small  quantity  of  acid 
formed  at  this  temperature  was  removed  with  sodium  car- 
bonate and  the  residue  crystallized  from  aqueous  alcohol. 
The  amide  separated  in  needles,  melting  at  213°.  It  is  read- 
ily soluble  in  alcohol,  moderately  in  ether,  very  slightly  in 
boiling  water.     Analysis  : 

0.1423  gram  substance  gave  0.4333  gram  COj  and  0.0345 
gram  H^O. 


Calculated  for 

CaiHigON. 

Fouttd. 

c 

H 

83.72 
6.33 

83-44 
6.55 

By  heating  the  amide  at  200°  with  concentrated  hydro- 
chloric acid,  it  was  easy  to  hydrolyze  it  to  triphenylpropionic 
acid.  This  was  identified  by  comparison  with  a  specimen 
made  by  saponifying  the  ester. 

Ethyltriphenylpropionitrile,  {Q^ll^)^QYLC{Q^Yi.,)  {C;H.^)C^.— 
Ethyl  iodide  was  added  to  a  solution  of  the  magnesium  deriva- 
tive obtained  with  phenylmagnesium  bromide,  the  mixture 
boiled  for  2  hours,  and  the  product  separated  as  described  un- 
der triphenylpropionitrile.  Two  substances  were  obtained  : 
Benzaldesoxybenzoin  and  a  new  compound  which  was  purified 
by  crystallization  from  alcohol  and  ligroin.     Analysis  : 

0,1220  gram  substance  gave  0.3964  gram  COj  and  0.0755 
gram  HjO. 


Calculated  for 

C03H21N. 

Found. 

c 

88.74 

88.58 

H 

6.74 

6.95 

Ethyltriphenylpropionitrile  is  readily  soluble  in  alcohol  and 
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ether,  moderately  in  boiling  ligroin.  It  was  obtained  in 
needles,  melting  at  134°.  No  change  took  place  when  the 
substance  was  heated  to  200°  with  concentrated  hydrochloric 
acid. 

///.   Experiments  with  Cinnamonitrile  and  ^-Phenylcinnamo- 
nitrile. 

Cinnamonitrile  reacts  very  readily  both  with  methylmagne- 
sium  iodide  and  with  phenylmagnesium  bromide.  Red,  inter- 
mediate compounds  are  formed,  but  these  disappear  almost 
immediately.  When  the  solution  obtained  with  methylmag- 
nesium  iodide  was  treated  in  the  usual  way,  it  gave  a  dark 
brown  oil.  A  part  of  this  was  tested  for  nitrogen,  which 
proved  to  be  absent,  showing  that  the  cyanogen  group  is  in- 
volved in  the  reaction.  The  remainder  of  the  oil  was  repeat- 
edly extracted  with  low-boiling  ligroin.  This,  on  evapora- 
tion, deposited  a  pale  yellow,  crystalline  solid,  melting  at  42°. 
A  small  quantity  of  the  solid  was  dissolved  in  alcohol  and 
treated  with  a  few  drops  of  benzaldehyde  and  sodium  hydrox- 
ide. In  a  short  time  dibenzalacetone,  melting  at  112°,  began 
to  separate,  proving  that  the  original  substance  is  benzalace- 
tone.  The  yield  of  the  unsaturated  ketone  was  small — less 
than  60  per  cent  of  the  calculated  amount. 

The  mixture  obtained  with  phenylmagnesium  bromide, 
treated  like  that  obtained  from  methylmagnesium  iodide,  gave 
about  68  per  cent  of  benzalacetophenone.  The  residue,  insol- 
uble in  ligroin,  was  boiled  with  an  alkaline  permanganate  solu- 
tion until  no  further  reduction  took  place.  Any  product 
formed  by  1,4- addition  of  phenylmagnesium  bromide  to  cin- 
namonitrile would  be  oxidized  to  )8,/?-diphenylpropionic  acid 
by  this  procedure.  The  only  organic  compound  obtained  was 
benzoic  acid,  showing  that  the  reaction  involves  only  the 
cyanogen  group. 

The  result  obtained  in  a  single  experiment  carried  out  with 
^-phenylcinnamonitrile  indicates  that  this  substance  reacts 
like  cinnamonitrile.  The  only  product  obtained  with  phenyl- 
magnesium bromide  was  /3-phenylbenzalacetophenone,  which 
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was  identified  by  comparison  with  a  specimen  on  hand.     The 
yield  was  68  per  cent  of  the  calculated  amount. 

Chemical  Laboratory, 

Bryn  Mawr  College, 

January,  1906. 
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XLVI.— ON  THE  COMPOSITION  OF  PETROLEUM. 

By  Charles  F.  Mabery. 

THE  SULPHUR  COMPOUNDS  AND  UNSATURATED  HYDROCARBONS 

IN  CANADIAN  PETROLEUM.^ 

By  Charles  F.  Mabery  and  William  O.  Qdayle. 

In  a  paper  published  some  time  ago  by  one  of  us  (Mabery) 
on  a  preliminary  examination  of  Canadian  petroleum/  it  was 
stated  that  225  liters  of  sulphur  oil  from  Canadian  burning  oil 
was  in  process  of  distillation  for  the  purpose  of  separating  the 
individual  sulphur  constituents.  On  account  of  the  pressure 
of  other  lines  of  work,  study  of  those  distillates  was  delayed, 
but  it  has  been  resumed  at  intervals  until  the  results  described 
in  this  paper  were  obtained. 

On  returning  to  this  work  it  seemed  worth  while  to  ascer- 
tain first  whether  the  oil  selected  really  represented  constitu- 
ents of  crude  petroleum,  or  whether  it  consisted,  to  a  greater 
or  less  extent,  of  decomposition  products  incident  to  the  process 
of  refining.  Since  the  question  of  decomposition  could  be  de- 
termined in  sulphur  petroleum  from  any  source,  a  quantity  of 
crude  oil  from  the  Lima,  Ohio,  field  was  distilled  in  vacuo  and 
the  distillate,  corresponding  to  that  from  which  burning  oil  is 
prepared,  carefully  separated  and  agitated  thoroughly  with 
alcoholic  mercuric  chloride,  for  the  purpose  of  precipitating  the 
sulphur  compounds.  The  oil  was  next  agitated  vigorously 
with  ordinary  sulphuric  acid,  the  acid  sludge  drawn  off  and 
diluted  with  water,  carefully  avoiding  heat  so  far  as  possible. 

As  usual,  a  dark  red  oil  separated  above  the  solution,  but  it 

1  The  sulphur  derivatives  of  the  hydrocarbons  described  in  this  paper  are  evidently 
members  of  a  new  series,  diflfering  essentially  in  composition,  physical  properties  and 
chemical  relations  from  any  of  the  well-known  series  of  sulphur  compounds.  For 
this  new  series  I  suggest  the  name  Thiophane.  c.  f.  m. 

2  This  Journal,  13,  89  (1891). 
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lacked  the  heavy  sulphurous  odor  characteristic  of  sludge  as  it 
is  ordinarily  separated  from  sulphur  petroleum.  The  odor  of 
this  oil  resembled  that  of  sludge  after  the  sulphur  compounds 
had  been  removed,  and  it  showed  still  greater  similarity  in  its 
behavior  toward  bromine,  with  which  it  readily  united  with 
the  evolution  of  heat,  and  the  formation  of  an  addition  product 
heavier  than  water,  precisely  similar  to  the  behavior  of  sludge 
products.  The  precipitate  with  mercuric  chloride  resembled, 
in  all  respects,  the  characteristic  products  which  are  so  useful 
in  separating  the  sulphur  compounds. 

As  further  evidence  of  the  presence  of  unsaturated  hydro- 
carbons in  this  oil,  a  portion  of  the  oil  precipitated  from  sul- 
phuric acid  was  heated  with  concentrated  hydrobromic  acid  to 
100°,  and  the  product  fractionated  in  vacuo  to  collect,  in  a 
smaller  limit,  the  bromine  addition  product.  It  was  not  in- 
tended to  prepare  an  individual  bromine  derivative  suflBcient 
for  analysis,  since  this  would  have  been  impossible  with  the 
small  amount  to  be  obtained  in  this  manner,  but  only  to  be 
sure  that  an  addition  product  with  hydrobromic  acid  could  be 
formed.  The  higher  vacuum  distillate  gave  an  abundant  re- 
action for  bromine  after  heating  with  lime,  showing  that  addi- 
tion of  the  acid  had  taken  place.  The  results  of  these  experi- 
ments are  described  in  full,  that  there  may  be  no  misappre- 
hension concerning  the  source  of  the  sulphur  compounds  and  un- 
saturated hydrocarbons  which  will  be  described  in  this  paper. 
They  confirm  the  results  of  similar  experiments  described  in 
the  former  paper. 

In  continuing  the  distillation  of  the  225  liters  of  crude  sul- 
phur oil,  with  the  aid  of  the  apparatus  elsewhere  described, 
the  distillates  were  carried  through  entire  up  to  250°  (50  mm.) 
at  first  within  5°,  during  4  distillations.  The  lower  fractions 
were  then  continued  within  single  degree  fractions  until  the 
lower  portions  could  be  distilled  under  atmospheric  pressure. 
It  was  not  possible  to  accomplish  in  this  manner  more  than  a 
general  separation,  since  all  the  distillates  were  mixtures,  yet 
the  value  of  the  great  amount  of  tedious  labor  was  shown  after 
the  separation  of  the  individual  constituents,  of  which  the 
greater  portion  distilled  at  approximately  the  same  tempera- 
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tures  as  the  original  distillates  ;  and  although  it  seemed  a 
great  expenditure  of  effort  to  distil  such  a  large  volume  of  oil 
in  quantities  of  lo  liters,  the  capacity  of  the  porcelain  still  em- 
ployed, and  to  continue  the  distillation  of  the  entire  quantity, 
this  seemed  to  be  the  only  available  method  for  the  separation 
of  these  peculiar  bodies  from  the  crude  oil.  When  first  col- 
lected, all  the  fractions  were  nearly  colorless,  but  on  standing 
they  turned  dark  red,  especially  those  with  higher  boiling 
points.  The  fractions  collected  below  125°  (50  mm.)  were 
found  to  be  exceedingly  unstable.  On  standing  from  6  months 
to  2  years,  some  of  these  distillates  deposited  very  dark,  heavy 
oils,  doubtless  formed  from  unstable  unsaturated  hydrocarbons, 
terpenes,  or  sulphur  compounds  by  polymerization. 

In  separating  the  constituents  of  the  vacuum  distillates,  we 
followed,  in  general,  the  method  described  in  a  former  paper. 
Three  or  four  hundred  grams  of  the  oil  were  shaken  in  a  large 
flask  with  an  excess  of  an  alcoholic  solution  of  mercuric  chlor- 
ide, which  gave  a  heavy  precipitate,  crystalline  in  the  lower 
fractions,  a  thick,  viscous  mass  in  the  less  volatile  and  a  heavy, 
oily  deposit  in  the  vacuum  distillates  above  160°.  There  in- 
variably separated  above  the  alcohol  a  lighter  oil,  which  con- 
tained no  sulphur,  or  at  most,  analysis  showed  less  than  0.5 
per  cent.  Upon  diluting  the  alcohol  more  lighter  oil  collected, 
which  doubtless  has  a  different  composition  from  the  other, 
since,  as  will  appear  later,  it  showed  essentially  different  prop- 
erties. 

In  recovering  the  sulphur  compounds  from  the  mercuric 
chloride  precipitates,  after  thoroughly  washing  with  alcohol 
and  very  volatile  gasolin,  the  precipitate  was  decomposed  by 
hydrogen  sulphide,  in  presence  of  a  considerable  volume  of 
alcohol,  the  mercuric  sulphide  separated  by  filtration,  washed 
with  alcohol  and  the  alcohol  largely  diluted.  For  the  most 
part  the  lighter  oil  separated,  some  remaining  in  suspension, 
which  collected  after  standing  a  short  time.  With  all  possible 
care  in  washing  the  mercuric  chloride  precipitate,  a  single  pre- 
cipitation was  never  sufiicient  to  remove  all  the  sulphur-free 
oil.  The  percentages  of  sulphur  in  the  individual  sulphur 
compounds  invariably  came  from  i  to  3  per  cent  too  low,  how- 
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ever  long  they  were  fractioned,  until  they  were  a  second  time 
converted  into  the  mercuric  chloride  compound  and  again  sepa- 
rated by  hydrogen  sulphide.  Upon  diluting  a  second  time, 
usually  another  portion  of  the  sulphur-free  oil  collected,  or  re- 
mained in  suspension  and,  after  sufficient  fractioning,  the  per- 
centage of  sulphur  then  corresponded  to  the  value  theoretic- 
ally required. 

It  has  already  been  explained  that  the  vacuum  fractions  of 
the  crude  sulphur  oil,  before  the  separation  of  its  constituents, 
is  a  mixture  of  an  unsaturated  hydrocarbon,  a  sulphur  com- 
pound and  another  hydrocarbon  of  a  series  not  determined. 
More  attention  will  be  given  later  to  the  sulphur-free  oils.  All 
the  portions  selected  for  the  separation  of  these  constituents 
had  previously  been  fractionated  from  4  to  20  times,  for  the 
most  part  in  vacuo,  and  since  the  sulphur  oil  from  any  particu- 
lar fraction  has  corresponded  in  boiling  point  to  that  of  the 
fraction  before  separation,  it  has  been  possible  to  select,  from 
the  great  number  of  first  fractions,  those  which  should  give 
the  bodies  desired,  thereby  saving  much  time  and  unnecessary 
labor  in  searching  for  the  individual  constituents. 

After  the  second  precipitation  from  the  mercuric  chloride 
compound,  a  few  distillations  in  vacuo,  with  the  aid  of  a  bead 
column,  in  a  long-necked  flask,  have  been  sufficient  to  bring 
together,  for  the  most  part  within  1°  or  2°,  the  sulphur  com- 
pound desired.  For  the  separation  without  decomposition  of 
the  sulphur  oils  boiling  above  130°,  distillation  in  vacuo  has 
been  indispensable.  Doubtless  exclusion  of  air,  as  well  as  the 
reduction  in  boiling  points,  especially  of  the  higher  members, 
is  essential. 

The  most  volatile  vacuum  distillates,  4o°-5o°,  were  subjected 
to  8  additional  distillations  within  limits  of  2°,  and  300  cc.  of 
these  distillates  was  agitated  with  an  excess  of  alcoholic  mer- 
curic chloride,  A  part  of  the  oil  was  immediately  converted 
into  a  crystalline  precipitate,  and  the  sulphur- free  oil,  which 
formed  the  greater  part  of  the  oil  taken,  remained  entirely  in 
solution  and  was  separated  by  dilution.  After  decantation  of 
the   alcoholic   solution,    the   crystalline  precipitate  was  well 
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washed  with  alcohol  and  light  gasolin,  aud  decomposed  by 
hydrogen  sulphide  in  presence  of  alcohol. 

For  complete  removal  of  the  sulphur-free  oil  the  mercuric 
chloride  compound  was  again  formed,  washed  and  the  sulphur 
oil  separated  by  hydrogen  sulphide.  Unfortunately,  the  larger 
portion  of  the  sulphur  oil  was  accidentally  lost,  but  the  re- 
mainder was  fractioned,  so  far  as  possible,  until,  finally,  it 
showed  a  tendency  to  collect  at  i25°-i30°. 

The  percentage  of  sulphur  found  in  this  product  was  27.12  ; 
required  for  the  sulphur  compound,  CgHjjjS,  27.60.  The  crys- 
talline condition  of  this  substance  is  characteristic  of  the  alkyl 
sulphides  ;  but  all  the  sulphur  bodies  we  have  separated  from 
petroleum  are  viscous  oils  that  could  not  be  solidified,  except  the 
more  volatile  sulphur  compounds  such  as  were  separated  from 
Ohio  petroleum,  which  were  crystalline. 

The  following  series  of  sulphur  compounds,  which  have  been 
identified  by  analysis  and  shown  to  have  the  composition  of 
the  general  formula  CwH^^S,  do  not  represent  any  series 
known.  They  are  not  members  of  the  ethylene  sulphide 
series,  as  shown  by  their  reactions  and  very  high  specific  grav- 
ity. In  empirical  composition  they  correspond  to  hydrothio- 
phenes,  which  have  not  been  synthetically  prepared. 

Heptyl  Thiophane. 
Fraction  i58°-i6o°,  C^Hj^S. 

The  heptyl  sulphur  compound  was  identified  in  the  vacuum 
distillate  7i°-73°  (50  mm.)  seventh  distillation.  After  pre- 
cipitation with  alcoholic  mercuric  chloride,  and  thorough 
washing  with  alcohol  and  light  gasolin,  the  thick,  viscous  oil 
was  decomposed  with  hydrogen  sulphide,  in  the  presence  of 
alcohol.  The  oil  that  separated  on  dilution  of  the  alcohol  was 
fractionated  in  vacuo  until  it  distilled  at  74°-76°  (50  mm.)  and 
at  i58°-i6o°  (750  mm.).  A  determination  of  its  sp.  gr.  at 
20°  gave  0.8878.  Analysis  gave  percentages  of  carbon,  hy- 
drogen and  sulphur  required  for  the  formula  C7Hj^S.  Carbon 
and  hydrogen  were  determined  by  combustion  in  lead  chromate, 
the  sulphur  by  combustion  in  oxygen. 
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I.  0.1749  gram  oil  gave  0.4141   gram  CO,  and  0.1748  gram 
H,0. 

II.  0.1666  gram  oil  gave  0.3071  gram  BaO^. 

Found. 


Calculated  for 

CyHuS. 

I. 

c 

64.63 

64-59 

H 

10.76 

11. 18 

S 

24.61 

.     . 

25-31 

Octyl  Thiophane. 
Fraction  i67°-i69°,  CgHi^S. 

For  the  separation  of  the  next  sulphur  homologue  the  large 
quantity  of  distillate  was  selected  that  collected  at  79°-8i°  (50 
mm.)  after  the  seventh  distillation.  One  hundred  cc,  with 
the  treatment  described  above,  yielded  20  cc.  of  the  sulphur 
compound,  that  distilled  constant  at  8i°-83°  (50mm.)  and 
at  1 67°-!  69°  under  atmospheric  pressure.  The  sp.  gr.  of  this 
oil  was  found  to  be  0.8929  at  20°.     Analyses  : 

I.  0.1666  gram  oil  gave  0.4057  gram  CO.^  and  0.167 1  gram 
H,0. 

II.  0.139 1  gram  oil  gave  0.2282  gram  BaSO^. 

Found. 


Calculated  for 

CsHieS. 

1 

[. 

c 

66. 

67 

66, 

,46 

H 

II 

.11 

II, 

,22 

S 

22 

.22 

. 

22.53 

Isooctyl  Thiophane. 
Fraction  i83°-i85°,  C,Hj,S. 

A  large  amount  of  distillate  collected  at  97^-99°  (50  mm.), 
at  the  end  of  the  seventh  distillation,  that  gave,  by  analysis, 
the  same  empirical  formula  as  the  sulphur  compound  previously 
described.  The  term  isooctyl  is  applied  to  this  compound  to 
distinguish  it  from  its  isomer.  Upon  treatment  with  mercuric 
chloride  and  second  precipitation,  a  large  amount  of  sulphur- 
free  oil  collected  on  dilution  of  the  alcohol,  and  analysis 
showed  that  this  constituent  was  completely  removed  by  the 
second  treatment.  After  fractionating  in  vacuo  this  product 
collected  to  the  extent  of  15  cc.  at  94°-96°  (50  mm.),  and  dis- 
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tilled,    with   some  decomposition,   at    183°-! 85°,   atmospheric 
pressure.     Sp.  gr.  at  20°,  0.8937.     Analyses: 

I.  0.1458  gram  oil  gave  0.3592  gram  CO^  and  0.1470  gram 
H,0. 

II.  0.1561  gram  oil  gave  0.3814  gram  CO2  and  0.1575  gram 
H,0. 

III.  0.2670  gram  oil  gave  0.4183  gram  BaSO^. 


c 

H 

Calculated  for 
CgHieS. 

66.67 
II. II 

I. 
67.19 
11.27 

Found. 
II. 

66.16 

11.29 

III. 

S 

22.22 

.     . 

.     . 

21.52 

It  will  be  observed  that  the  last  two  compounds  have  the 
same  empirical  composition,  but  differ  by  16°  or  more  in  boil- 
ing points,  and  differ  also  in  specific  gravity.  It  will  also  be 
observed  that  they  agree  closely  in  boiling  points  with  butyl 
and  isobutyl  sulphides  ;  but  they  differ  widely  from  the  latter 
in  specific  gravity  :  butyl  sulphide,  0.8523  at  0°  ;  isobutyl  sul- 
phide, 0.8363  at  10°,  and  in  other  properties. 

Nonyl  Thiophane. 
Fraction  139 "-195°  CgHjgS. 

A  portion  of  the  distillate  that  collected  in  considerable 
quantity  at  io6°-io8°  (50  mjn.)  was  treated  in  the  same  man- 
ner as  previously  described,  with  two  precipitations  for  the 
separation  of  the  sulphur  compound.  The  product  was  frac- 
tionated in  vacuo  until  it  collected,  for  the  most  part,  at  io6°- 
108°  (50  mm. ).  Under  atmospheric  pressure  it  boiled  at  193°- 
195°,  and  gave,  as  its  sp.  gr.  at  20°,  0.8997.     Analyses  : 

I.  0.1927  gram  oil  gave  0.4852  gram  COj  and  0.2033  gram 
H,0. 

II.  0.1547  gram  oil  gave  0.2210  gram  BaSO^. 


19.62 


Calculated  for 

Cc.H,8S. 

I. 

c 

68.35 

68.68 

H 

11.40 

11.80 

S 

20.25 

.    . 
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Decyl  Thiophane. 
Fraction  207°-209°,  CioH^oS. 

From  the  vacuum  distillate,  ii4°-ii5°  (50  mm.)  after  the 
seventh  distillation,  a  sulphur  oil  was  prepared  by  two  precipi- 
tations with  mercuric  chloride,  that  collected,  after  fractioning 
some  time  in  vacuo,  for  the  most  part,  at  114°-!  16°  (50  mm.). 
It  distilled  at  207°-209°  (750  mm.)  and  gave  sp.  gr.,  at  20°, 
0.9074.     Analyses  : 

I.  0.2323  gram  oil  gave  0.5904  gram  CO3  and  0.2453  gram 
H,0. 

II.  0.1981  gram  oil  gave  0.5078  gram  CO,  and  0.2094  gram 
H,0. 

III.  0.1654  gram  oil  gave  0.2240  gram  BaSO^. 

IV.  0.1760  gram  oil  gave  0.2407  gram  BaSO^. 

Calculated  for  Found. 

C10H20S.  I.  II.  III.  IV. 

C  69.77  69.33     69.92 

H  11,62  11.32     11.82 

S  18.60  .    .         .    .      18.59     18.78 

Undecyl  Thiophane. 
Fraction  i28°-i3o°  (50  mm.),  CnH^.S. 

The  vacuum  distillate,  i35''-i45°  (50  mm.),  was  selected 
for  the  separation  of  the  next  homologous  sulphur  compound. 
A  thick,  tarry  mass  was  formed  by  precipitation  with  mercuric 
chloride,  which  gave  the  pure  sulphur  oil  by  a  second  precipi- 
tation. The  viscosity  of  the  compounds  with  mercuric  chlor- 
ide was  found  to  increase  with  increase  in  molecular  weights 
of  the  sulphur  oils.  Three  hundred  grams  of  the  first  distil- 
late, i35°-i45°,  fourth  distillation,  gave,  after  the  second  pre- 
cipitation with  mercuric  chloride,  122  grams  insoluble  in  alco- 
hol, 60  grams  in  the  alcoholic  solution,  and  84  grams  of  the 
sulphur  oil.  Without  further  purification,  the  latter  gave 
16.08  per  cent  sulphur.  After  continued  fractioning  in  vacuo 
the  sulphur  oil  collected,  for  the  most  part,  at  i28°-i3o°  (50 
mm.).     Analyses  : 

I.  0.1793  gram  oil  gave  0.4669  gram  CO^  and  0.1896  gram 
H,0. 
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II.  0.2064  gram  oil  gave  0.5334  gram  CO,  and  0.2122  gram 
H,0. 

III.  0.192 1  gram  oil  gave  0.2411  gram  BaSO^. 


Calculated  for 

Found. 

C„H2oS. 

I. 

II. 

c 

70.98 

71.01 

70.71 

H 

11.82 

11.82 

11.50 

S 

17.20 

17.24 

The  sp.  gr.  of  this  sulphur  oil  was  found  to  be  0.9147,  at 
20°.  Particular  attention  was  given  to  the  purification  of  this 
product,  to  be  certain  of  the  series  as  shown  by  the  most  care- 
ful analysis.  In  addition  to  the  determinations  given  above 
that  demonstrate  its  composition,  the  following  additional 
analyses  were  made  of  different  preparations  :  carbon  found, 
70.73,  70.74;  hydrogen  in  the  same  combustions,  11.48,  11.95; 
sulphur,  17.28,  17.05,  17.10. 

The  portions  of  the  original  sludge  oil,  called  sulphur-free 
oils  to  distinguish  them  from  the  sulphur  oils,  have  contained 
from  0.1  to  0.3  per  cent  of  sulphur,  and  it  has  been  assumed 
that  the  small  proportion  of  sulphur  indicated  a  little  of  the 
sulphur  compound  not  precipitated  by  mercuric  chloride. 
That  the  part  collecting  above  the  alcohol,  after  precipitation, 
is  a  diflferent  product  from  the  part  remaining  in  solution  in 
alcohol  is  shown  by  the  difference  in  specific  gravity.  For  ex- 
ample, the  distillate  136°-: 45°,  from  which  the  oil  Cj^Hj^S 
was  obtained,  gave  an  oil  insoluble  in  alcohol  with  sp.  gr. 
0.8412  ;  but  the  sp.  gr.  of  the  portion  in  solution  was  found  to 
be  0.8107.  Similar  differences  appeared  in  oils  associated  with 
other  thiophanes.  Since  the  specific  gravity  of  any  one  of  the 
principal  hydrocarbons  in  Canadian  petroleum  corresponding 
in  boiling  point  with  these  bodies  is  smaller  than  the  specific 
gravity  of  the  sulphur  oils,  and  since  hydrocarbons  are  spar- 
ingly soluble  in  sulphuric  acid  and  alcohol,  the  bodies  under 
examination  cannot  be  the  principal  petroleum  hydrocarbons. 
Then  the  odors  of  both  the  substances  soluble  and  insoluble  in 
alcohol  are  unlike  that  of  any  of  the  hydrocarbons — very 
pungent,  resembling  the  terpenes.  Further  study  will  be 
necessary  to  identify  these  peculiar  bodies. 
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Quatdecyl  Thiophane. 
Fraction  266°-268°,  Ci.H^gS. 

This  sulphur  oil  was  separated  from  the  distillate  1 60°- 170° 
(50  mm.),  fourth  distillation.  After  the  second  precipitation 
and  decomposition  by  hydrogen  sulphide,  400  grams  of  the  sludge 
distillate  gave  75  cc.  of  a  yellow  oil  that  collected,  for  the 
greater  part,  at  i68°-i7o°  (50  mm.),  after  extended  fraction- 
ing.  It  collected  at  266°-268°  (750  mm.).  Its  sp.  gr.  at  20° 
was  found  to  be  0.9208.     Analyses  : 

I.  0.1859  gram  oil  gave  0.5010  gram  CO^  and  0.2109  gram 
H,0. 

II.  0.2290  gram  oil  gave  0.2336  gram  BaSO^. 


Calculated  for 

CuHosS. 

I. 

c 

H 

S 

73.68 
12.28 
14.04 

73-52 
12.69 

14.02 

Sexdecyl  Thiophane. 
Fraction  283°-285°,  CigHj^S. 

From  400  cc.  of  the  first  vacuum  distillate  170°-! 80°  (50 
mm.),  after  the  second  precipitation  with  mercuric  chloride 
and  long-continued  distillation,  28.5  grams  of  the  sulphur  oil 
collected  at  184°-! 86°,  which  distilled,  with  some  decomposi- 
tion, at  283°-285°  (750  mm.).  Its  sp.  gr.  was  found  to  be 
0.9222.     Analyses: 

I.  0.2148  gram  oil  gave  0.5934  gram  COj  and  0.2380  gram 
H,0. 

II.  0.1850  gram  oil  gave  0.1683  gram  BaSO^. 

Found. 
I.  II. 

75-36  .     . 

12.40 

.     .  12.49 

Octodecyl  Thiophane. 
Fraction  290°-295°,  CigHjeS. 

From   350   grams  of  the  vacuum  distillate  i9i°-2io"'  (50 


Calculated  for 

C16H32S. 

c 

7500 

H 

12.50 

S 

12.50 
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mm.),  alcoholic  mercuric  chloride  gave  a  very  thick,  viscous 
precipitate,  from  which  was  obtained,  after  the  second  precipi- 
tation, 50  grams  of  a  dark  colored  oil  that  collected,  after  con- 
tinued distillation  in  vacuo,  nearly  colorless,  for  the  most  part, 
at  i98°-202°.  Under  atmospheric  pressure  this  oil  distilled, 
with  some  decomposition,  at  290°-295°;  sp.  gr. ,at20°,  0.9235, 
The  values  obtained  by  analysis  corresponded  to  the  formula 
CigHjgS. 

I.  0.2005  gram  oil  gave  0.5602  gram  COj  and  0.2214  gram 
H,0. 

II.  0.1937  gram  oil  gave  0.1634  gram  BaSO^. 

III.  0.201 1  gram  oil  gave  0.1636  gram  BaSO^. 


Calculated  for 

Found. 

CiaHseS. 

I. 

II. 

c 

76.06 

76.22 

H 

12.67 

12.35 

.      . 

S 

11.27 

11-57 

II. 18 

We  have  made  no  attempts  toward  the  separation  of  sulphur 
compounds  with  higher  molecular  weights,  but  there  is  no 
doubt  that  higher  homologues  are  contained  in  the  less  vola- 
tile distillates  which  we  have  separated  from  the  original  oil. 
It  is  probable  that  intermediary  members  of  this  series  are  con- 
tained in  the  distillates  examined,  and  that  they  might  be 
identified  in  larger  quantities  of  material. 

As  has  been  shown  in  the  method  of  preparation,  the  thio- 
phanes  combine  readily  with  alcoholic  mercuric  chloride  to 
form  viscous  oils.  They  also  form  addition  products  with 
chlorplatinic  acid,  which  are  heavy,  viscous  oils.  When 
heated  in  a  sealed  tube  with  ethyl  iodide,  addition  products  are 
formed  which  crystallize  in  small  prisms, — C„Hj„S,  CjHjI. 
These  addition  products  form  alkaline  hydroxides  when  warmed 
with  silver  oxide  and  water  : 

\/  \/ 

ISC.H^  s^  HOSC.H^. 

Bromine  exerts  a  characteristic  action  on  these  sulphur  com- 
pounds. Immediately,  when  they  come  in  contact,  combina- 
tion follows  with  almost  explosive  violence,  and  copious  evolu- 
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tion  of  hydrobromic  acid,  in  equivalent  amounts  to  the  bromine 
added.  It  is  wholly  unlike  the  behavior  of  unsaturated  hy- 
drocarbons with  bromine.  Probably  part  of  the  bromine  com- 
bines with  the  sulphur,  but  the  evolution  of  hydrobromic  acid 
begins  immediately,  doubtless  due  to  the  ready  replacement  of 
the  methylene  hydrogen  atoms. 

The  thiophanes  still  further  resemble  the  well-known  series 
of  sulphur  derivatives  in  their  behavior  toward  oxidation. 
The  formation  and  properties  of  the  sulphones  will  be  de- 
scribed later. 

In  addition  to  the  analytical  data  that  establish  the  compo- 
sition of  the  thiophanes,  we  have  determined  their  indices  of 
refraction,  and  the  corresponding  molecular  refraction  verifies 
the  formulas  given  by  analysis. 

Indices  of  Refraction  of  the  Thiophanes. 

Many  attempts  were  made,  with  different  solvents,  to  deter- 
mine the  molecular  weights  of  the  sulphur  compounds  in  Cana. 
dian  petroleum,  but  no  concordant  values  could  be  obtained, 
even  with  the  same  substance  and  the  same  solvent. 

Better  success,  however,  was  reached  in  ascertaining  the  in- 
dices of  refraction,  but  since  the  values  for  sulphur  in  organic 
compounds  have  not  been  determined  with  the  same  certainty 
as  in  the  case  of  carbon,  hydrogen  and  oxygen,  some  attention 
was  given  to  verifying  this  constant. 

The  index  of  refraction  found  by  Nasini  for  ethyl  sulphide 
was  1.44233  ;  for  ethyl  mercaptan,  1.43055  ;  and  for  ethyl  di- 
sulphide,  1.50633. 

Assigning  the  accepted  values  to  carbon  and  hydrogen,  the 
calculated  value  for  sulphur  becomes,  for  ethyl  sulphide,  7.98  ; 
for  ethyl  mercaptan,  7.81;  and  for  ethyl  sulphide,  8.03.  In 
determining  the  value  of  sulphur  in  ethyl  mercaptan,  we  found 
the  angle  to  be  49°  24',  which  corresponds  to  the  index  1.4323, 
and  the  calculated  value  for  sulphur  is  7.89. 

Isobutyl  sulphide  gave  us  1.4585  as  its  index  of  refraction, 
calculated  from  the  observed  angle  44°  57' ;  the  corresponding 
molecular  refraction  is  46.85.  Assigning  the  accepted  values 
to  carbon  and  hydrogen,  the  diflference  is  the  value  of  sulphur, 
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7.98,  the  same  as  the  value  calculated  from  Nasini's  index  of 
ethyl  sulphide. 

The  index  assigned  to  thiophen  is  1.5268,  which  gives  as  its 
molecular  refraction,  24.12,  leaving  a  value  for  sulphur  6.53. 
Thiophen  is  assumed  to  have  two  sets  of  double  bonds.  The 
petroleum  sulphur  compounds  under  consideration,  although 
doubtless  possessing  a  ring  structure,  apparently  do  not  con- 
tain carbon  atoms  connected  by  double  linkage.  We  have, 
therefore,  considered  it  safe  to  use  the  value  7.98  for  sulphur, 
and  the  following  molecular  refraction  for  the  petroleum  sul- 
phur compounds  were  calculated  on  the  basis  of  this  value  : 

Heptyl  Thiophane. 

The  fraction  74°-76°  (50  mm.),  which  proved  to  contain 
heptyl  thiophane,  gave  as  its  index  of  refraction  1.468,  corre- 
sponding to  the  following  molecular  refraction  : 

Calculated  for 

C7H14S.  Found. 

40.15  40.82 

Octyl  Thiophane. 

From  the  fraction  83°-85°  (50  mm.)  was  separated  octyl 
thiophane.  Its  index  of  refraction  was  found  to  be  1.4860, 
and  its  molecular  refraction  : 

Calculated  for 

CgHieS.  Found. 

44-75  44-91 

Nonyl  Thiophane. 

Nonyl  thiophane  was  found  to  be  the  principal  constituent 
of  the  fraction  io6°-io8°  (50  mm.).  It  gave,  as  its  index  of 
refraction,  1.4746,  from  which  was  calculated  its  molecular  re- 
fraction : 

Calculated  for 

C9H18S.  Found. 

49-35  49-50 

Decyl  Thiophane, 

C10H20S. 

The  index  of  refraction  of  the  distillate  114°-!  16°,  from 
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which  was  separated  decyl  thiophane,  we  found  to  be  1.4766. 
Its  molecular  refraction  was  calculated  as  follows  : 

Calculated  for 

C10H20S.  Found. 

53-94  53-60 

Undecyl  Thiophane. 

Undecyl  thiophane  was  found  in  the  fraction  i3o°-i35°  (50 
mm.).  We  found  its  index  of  refraction  to  be  1.480,  and  its 
molecular  refraction  : 

Calculated  for 

CiiHosS.  Found. 

58-54  58.53 

Quatdecyl  Thiophane. 

The  fraction  i68°-i7o°  gave  quatdecyl  thiophane.  Its  in- 
dex of  refraction,  1.4892,  corresponded  to  the  molecular  refrac- 
tion : 

Calculated  for 

CuHogS.  Found. 

72.33  71-61 

Sexdecyl  Thiophane. 

This  sulphur  compound  was  found  in  the  fraction  184°-!  86° 
(50  mm.).  Its  index  of  refraction  proved  to  be  1.4903,  from 
which  its  molecular  refraction  was  calculated  : 

Calculated  for 

C18H32S.  Found. 

81.52  80.44 

The  index  of  refraction  of  octodecyl  thiophane  was  found  to 
be  1.4977,  but  the  molecular  refraction  calculated  from  this 
value  and  its  sp.  gr.  0.9625  at  20°,  gave  a  value  different  by  4 
units  from  the  calculated  molecular  refraction. 

Oxidation  Products  of  the  Thiophanes . 

Appreciating  the  importance  of  oxidation  products  in  ascer- 
taining the  composition  of  the  thiophanes,  we  have  tried  very 
thoroughly  the  action  of  oxidation  agents,  nitric  acid,  chromic 
acid  and  potassium  permanganate.     These  sulphur  compounds 
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absorb  oxygen  with  great  readiness,  and  the  reaction  must  be 
carefully  controlled  to  prevent  ultimate  oxidation  to  sulphuric 
acid.  It  was  not  found  possible  to  limit  the  oxidation  to  the 
formation  of  the  sulphoxide,  since  the  sulphone  vSeems  to  be 
the  more  stable  condition.  Nitric  acid  readily  oxidizes  the 
sulphur  with  an  extremely  violent  reaction,  but,  apparently, 
also  forms  nitro  derivatives,  since  the  products  contain  nitro- 
gen. 

Chromic  acid  oxidizes  the  sulphur  readily,  with  some  dan- 
ger that  the  reaction  proceeds  to  ultimate  oxidation.  Potas- 
sium permanganate,  in  either  alkaline  or  acid  solution,  readily 
effects  the  change  with  little  danger  of  the  formation  of  sul- 
phuric acid.  After  careful  study  of  the  conditions,  it  was 
found  that  the  largest  yield  of  oxidation  product  was  obtained 
by  adding  slowly,  to  the  oil,  1.5  times  the  calculated  weight 
of  permanganate,  dissolved  in  30  times  its  weight  of  water, 
keeping  the  solution  cold.  With  efl&cient  cooling,  the  per- 
manganate can  be 'added  as  rapidly  as  it  is  decolorized.  After 
the  reaction  was  complete  the  precipitated  manganic  oxide  was 
filtered  and  the  solution  distilled  with  steam,  which  carried 
over  any  unoxidized  sulphur  compound,  leaving  behind  the 
oxidation  product.  When  carefully  conducted,  the  solution 
shows  no  sulphuric  acid.  From  the  residue  of  the  steam  dis- 
tillation the  oxidation  product  was  extracted  with  ether  and 
the  ether  evaporated,  leaving  a  thick,  heavy  oil,  which  in- 
creased in  viscosity  with  increase  in  molecular  weight.  In 
several  instances  we  dissolved  the  precipitated  manganic  oxide 
by  saturating  with  sulphurous  oxide  and  extracted  with  ether. 
When  the  oxidation  is  complete  this  is  the  easier  method  ;  but 
distillation  with  steam  insures  the  removal  of  any  decomposi- 
tion products. 

The  action  of  oxidizing  agents  showed  a  wide  difference  in 
deportment  between  the  sulphur  compounds  from  Canadian 
petroleum  and  sulphides  synthetically  prepared.  For  exam- 
ple, synthetic  isoamylsulphide,  allowed  to  stand  with  concen- 
trated nitric  acid,  showed  vigorous  reaction  only  after  several 
minutes,  with  evolution  of  heat.  After  the  reaction  ceased 
heat  was  applied  and  water  added.     The  oxidation  product 
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collected  above  the  water  and  partly  dissolved.  Only  a  trace 
of  sulphuric  acid  was  found  in  the  solution.  On  treating  the 
sulphur  compounds  from  Canadian  petroleum  in  the  same 
manner,  the  reaction  was  much  more  vigorous,  with  immediate 
evolution  of  heat.  The  product  formed  a  thick  oil,  heavier 
than  water,  and  much  sulphuric  acid  was  formed,  but  the 
oxidized  oil  contained  much  sulphur,  showing  that  it  consisted, 
in  part,  of  an  oxidized  sulphur  compound.  This  difference  in 
the  action  of  nitric  acid  is  pretty  conclusive  proof  that  the  sul- 
phur compounds  under  consideration  are  not  alkyl  sulphides, 
nor,  indeed,  members  of  any  other  well-known  series.  It  is  in 
accordance  with  the  observation  that  the  hydro-ring  com- 
pounds, the  methylenes,  are  less  stable  toward  reagents  than 
the  aromatic  or  paraffin  compounds, 

Hexyl  Thiophane  Sulphone. 

The  presence  of  hexyl  thiophane  was  indicated  in  the  frac- 
tion i25°-i3o°  (atmospheric  pressure),  although  it  was  not 
separated  in  a  pure  form.  In  attempting  to  prepare  the  sul- 
phone, the  fraction  55°-57°  (50  mm.)  was  treated,  as  de- 
scribed above,  with  potassium  permanganate.  Oxidation  was 
rapid,  even  when  cooled  to  0°.  In  this  instance,  after  dissolv- 
ing the  manganic  oxide  in  sulphurous  acid,  the  solution  was 
evaporated  to  dryness  and  the  residue  extracted  with  anhy- 
drous ether.  Evaporation  of  the  ether  left  a  thick,  viscous  oil 
with  a  sweetish  taste  and  odor,  with  no  reaction  for  sulphuric 
acid.  While  the  analytical  values  obtained  indicated  that  the 
hexyl  compound  was  contaminated  with  a  higher  homologue, 
it  is  evident  that  hexyl  thiophane  was  the  principal  con- 
stituent.    Analysis  : 

C,  49.39  ;  H,  8.47  ;  S,  19.02.  Required  for  CgHj.SO,  :  C, 
48.64;  H,  8.  II  ;  S,  21.62. 

Heptyl  Thiophane  Sulphone, 
C,H,,SO, 

The  oxidation  of  heptyl  thiophane  was  conducted  as  de- 
scribed above.  After  neutralizing  with  sodium  carbonate  and 
evaporating  to  dryness,  the  residue  was  extracted  with  anhy- 
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drous  ether.     No  sulphuric  acid  was  formed  by  the  oxidation. 
Analysis  : 

I.  0.1992  gram  substance  gave  0.3801  gram  COj  and  o.  1531 
gram  HjO. 

II.  0.1628  gram  substance  gave  0.2279  gram  BaSO^. 

Calculated  for  Found. 

C7H14SO2.  I.  II. 

C  51.86  52.05  .    . 

H  8.64  8.59  .    . 

S  19.75  .    .  19.23 

This  sulphone  formed  a  very  thick,  heavy  oil.  Its  sp.  gr. 
was  found  to  be  1. 11 38  at  20°. 

Odyl  Thiophane  Sulphone, 
C,H,SO,. 

Fifty  grams  of  the  fraction  87  "-89°,  identified  as  octyl  thio- 
phane, was  oxidized  carefully  at  0°.  After  dissolving  the 
manganic  oxide  and  distilling  with  steam,  36  grams  of  a  heavy 
oil  separated,  with  no  formation  of  sulphuric  acid.  After  neu- 
tralizing with  sodium  carbonate,  evaporating  to  dryness  and 
extracting  with  ether,  this  oil  gave,  as  itssp.  gr.  at  20°,  1.1142. 
Analysis  : 

I.  0.1697  gram  substance  gave  0.3385  gram  CO,  and  0.1368 
gram  H^O. 

II.  0.2038  gram  substance  gave  0.2702  gram  BaSO^. 

Found. 
I.  II. 

5441  .     . 

9.01  .     . 

.     .  18.21 

Nonyl  Thiophane  Sulphone, 

For  oxidation  of  the  nonyl  sulphur  compound,  the  fraction 
io6°-io8°  (50  mm.)  was  selected.  In  the  first  half  of  the 
oxidation  the  potassium  permanganate  was  added  slowly,  in  a 
bath  of  ice  and  salt.  The  reaction  was  completed  at  ordinary 
temperatures,  and  it  proceeded  much  more  slowly  toward  the 
end.     The  required  amount  of  permanganate  was  consumed  in 


Calculated  for 
CsHjaSOa. 

c 

H 

S 

54-55 

9.  II 

18.18 
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4  days,  and  no  sulphuric  acid  was  formed.  In  all  these 
oxidations  doubtless  sulphonic  acids  were  formed  to  some  ex- 
tent, but  their  removal  was  insured  by  neutralizing  with 
sodium  hydroxide  and  extraction  of  the  evaporated  residue 
with  anhydrous  ether.  The  sp.  gr.  of  the  nonyl  sulphone  was 
found  to  be  1.1161,  at  20°.     Analysis  : 

I.  0.1867  gram  substance  gave  0.3874  gram  COj  and  0.1509 
gram  H^O. 

II.  0.1679  gram  substance  gave  0.2071  gram  BaSO^. 


Calculated  for 

Found. 

C9H18SO2. 

I. 

c 

56.83 

56.61 

H 

9-47 

9.04 

S 

16.84 

.    . 

16.93 

Undecyl  Thiophane  Sulphone, 

We  were  unable  to  isolate  an  oxidation  product  which  cor- 
responded closely  in  composition  to  decyl  thiophane  sulphone 
from  the  original  fraction,  and  the  amount  of  the  thiophane 
isolated  was  not  sufficient  for  oxidation. 

Undecyl  thiophane  sulphone  was  prepared  from  the  undecyl 
thiophane,  separated  from  the  fraction  i29°-i3i°  (50mm.);  7.8 
grams  of  the  thiophane  gave  5  grams  of  the  oxidation  product. 
The  heavy  oil,  left  after  distillation  with  steam,  had  a  pleasant, 
sweetish  odor;  its  sp.  gr.  was  found  to  be  1.1126,  at  20°. 
Analysis : 

I.  0.1903  gram  substance  gave  0.4176  gram  COj  and  o.  1621 
gram  HjO. 

II.  o.  1470  gram  substance  gave  o.  1579  gram  BaSO^. 


Calculated  for 

C„Hs2S02. 

I. 

c 

60.54 

59.84 

H 

10.09 

9.53 

S 

14.68 

.     . 

14-75 

Dodecyl  Thiophane  Sulphone, 
CijHj^SOj. 

After  treating  7  grams  of  the  distillate   I42°-I44°  (50  mm.) 


422  Mabery. 

with  9  grams  of  potassium  permanganate,  the  proportions 
found  most  suitable,  there  still  remained  a  slight  odor  of  the 
thiophaue,  which  was  completely  removed  by  distillation  with 
steam.  The  oil  that  remained  after  extraction  of  the  steam 
residue  with  ether  gave,  as  its  sp.  gr.  at  20°,  1.1372.  Analy- 
sis : 

I-  0-I533  gram  substance  gave  0.3483  gram  COj  and  0.1402 
gram  H^O. 

II.   0.1645  gram  substance  gave  0.1554  gram  BaSO^. 


Calculated  for 

Ci2H«4S02. 

I. 

c 

62.07 

61.98 

H 

10.35 

10.23 

S 

13-79 

.    . 

12.91 

The  sulphur  compounds  in  Canadian  petroleum  have  been 
shown  to  belong  to  a  series  C„Hj„.  Their  structure  must  be 
explained  either  as  unsaturated,  like  the  ethylene  sulphides, 
or  by  a  ring  arrangement.  That  these  bodies  are  not  of  the 
ethylene  series  is  shown  by  the  facts  that  the  ethylene  sul- 
phides are  solids,  and  that  they  absorb  bromine  without  evolu- 
tion of  hydrobroraic  acid.  The  petroleum  sulphur  compounds 
have  a  very  high  specific  gravity,  and  they  evolve  hydro- 
bromic  acid  copiously  when  treated  with  bromine.  They  re- 
semble the  well-known  series  of  sulphur  compounds  in  form- 
ing addition  products  with  mercuric  chloride,  in  the  formation 
of  sulphones,  the  formation  of  addition  products  with  alkyl 
iodides  and  alkaline  hydroxides. 

In  a  former  paper  by  Mabery  and  Smith  it  was  shown  that 
the  sulphur  compounds  in  petroleum  are  not  mercaptans  nor 
thiophens.  The  series  separated  by  Mabery  and  Smith  from 
Ohio  petroleum  formed  crystalline  addition  products  with 
alcoholic  mercuric  chloride,  and  the  sulphur  oils  themselves 
resembled  the  alkyl  sulphides.  But  the  series  contained  in  the 
portions  of  Canadian  petroleum  with  higher  boiling  points  are 
not  alkyl  sulphides,  mercaptans,  thiophens,  nor  ethylene  sul- 
phides. Their  high  specific  gravity  shows  that  they  belong  to 
a   new   series.      The   cyclic  condition   of  the  constituents  of 
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Pennsylvania,  Ohio,  Canadian,  Texas  and  California  petro- 
leum corresponding  to  the  series  C^H^w,  C„H2„_2,  C„H2„_4, 
etc.,  has  been  described  in  former  papers,  and  the  proportions 
of  these  series  are  indicated  by  the  differences  in  specific  grav- 
ity. Canadian  petroleum  is  composed,  for  the  most  part,  of 
the  series  of  hydrocarbons  poorer  in  hydrogen.  Other  con- 
stituents of  petroleum  partake  of  a  similar  cyclic  condition. 
The  nitrogen  compounds,  for  example,  in  California  petro- 
leum, are  tetrahydro  and  octohydro  bodies,  with  a  structure 
resembling  that  of  the  hydroquinolines. 

Empirically,  the  thiophanes  are  hydrothiophens  with  long 
side  chains,  methylene  sulphides  with  numerous  or  long  side 
chains,  or  simple  ring  methylene  sulphides.  Either  class  of 
formulas  will  satisfy  the  results  of  analysis.     For  example  : 

H^  Hj  Hj   Hj 


H,C CH, 

1 

C— C— C— Cv 

1          >. 

c— c— c— c/ 

H,C         Ch/ 

\/ 

rlj   xd,    -H,    -Ho 

s 

Tetrahydrothiophene  or 
pentamethylene  sulphide. 

The  ready  formation  of  sulphones,  addition  products  with 

alkyl  iodides  and  hydrates,  is  unlike  the  thiophens,  but  the 

hydrothiophens  may  behave   dififerently.       It  is   improbable 

that  rings  with  a  very  large  number  of  carbon  atoms  can  exist. 

A  condensed  ring  structure  like  quinoline  or  naphthoquinoline, 

with  sulphur  in  place  of  nitrogen,  is  excluded  by  the  series 

As  shown  above,  the  lowest  member  of  the  series  separated 

from  Canadian  petroleum  was   CgHj^S,  boiling  point  45°-5o° 

(50  mm.),  which  may  be  hexamethylene  sulphide,  or  methyl- 

pentamethylenesulphide.     Higher  homologues  may  reasonably 

be  considered  as  side  chain  derivatives  : 

CH3 

/ 
CHj — CHj — CH2\  /CHj — CHjv 

I  >s,      ch/  >s. 

CH— CH— CH/  \CH,— CH/ 

Hexamethylene  sulphide.     Methylpentamethylene  sulphide. 
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The  structure  of  these  bodies  will  doubtless  have  to  be  re- 
ferred to  the  methylene  ring,  yet  the  precise  form  of  the  ring 
with  reference  to  the  number  of  carbon  atoms  it  contains  is  still 
uncertain.  For  instance,  the  central  group  may  be  a  penta,  hexa, 
or  heptamethylene  ring.  It  has,  therefore,  seemed  advisable  to 
employ  a  comprehensive  name  that  shall  include  any  possible 
arrangement,  and  the  term  thiophane  has  been  adopted. 
Without  doubt,  the  structure  of  these  sulphur  derivatives  will 
be  defined  with  greater  precision  when  the  structure  of  the 
hydrocarbons  of  the  series  CnH^n,  C„Hj„_2,  C„Hjn_^,  etc., 
which  constitute  the  greater  part  of  the  constituents  of  petro- 
leum with  high  boiling  points  from  any  source,  are  better  un- 
derstood. 

Unsaturated  Hydrocarbons  of  the  Series  CnH^n- 

The  need  of  more  accurate  information  concerning  the  pres- 
ence of  hydrocarbons  of  the  ethylene  series,  C^H^n,  in  petro- 
leum, was  explained  in  a  former  paper  of  this  series.  Not- 
withstanding persistent  attempts  in  the  numerous  treatises  on 
petroleum  to  show  that  these  bodies  have  been  identified,  a 
critical  examination  of  published  results  fails  to  reveal  ade- 
quate proof  of  sufficient  foundation  for  these  statements.  The 
statement  in  "  Petroleum  and  Its  Products,"  by  Redwood,  that 
De  la  Rue  and  Mueller  proved  the  presence,  in  preponderating 
quantities,  of  the  ethylene  group  in  Rangoon  petroleum  is  not 
supported  by  the  results,  nor  by  the  conclusions  of  those 
authors.  Concerning  the  results  of  Warren,  Schorlemmer  and 
Chandler,  it  is  not  true,  as  asserted  by  Redwood,  that  those 
chemists  found  the  ethylene  series  in  Pennsylvania  petroleum. 
There  are  no  allusions  to  this  series  in  Schorlemmer' s  pub- 
lished papers. 

Beyond  adopting  the  general  nomenclature  then  accepted  for 
the  ethylene  series,  Warren  evidently  left  it  an  open  question 
as  to  what  should  be  the  structural  formulae  of  the  products 
he  separated  from  Pennsylvania  petroleum.  There  are  no 
statements  in  his  papers  to  show  that  he  made  any  further 
preparation  of  his  products  for  analysis  than  boiling  with 
sodium,  and  no  further  examination  to  prove  structural  forms. 
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Certainly  it  would  have  been  easy  to  demonstrate  the  unsatu- 
rated condition  of  those  bodies  had  they  contained  doubly 
bonded  carbon,  and  in  view  of  Warren's  clear-sighted  and 
painstaking  methods,  he  could  not  have  overlooked  the  impor- 
tance of  those  tests.  In  none  of  his  papers  on  Pennsylvania 
petroleum  does  the  term  olefine  or  ethylene  appear. 

The  assertion  of  Hoefer  that  members  of  the  olefine  series, 
CjH^  to  CjoHgo,  have  been  found  in  American  petroleum,  has  no 
foundation.  In  fact,  besides  the  investigations  within  recent 
years  in  this  laboratory  leading  to  a  better  knowledge  of  the 
various  series  of  hydrocarbons  with  high  boiling  points,  no  at- 
tempts have  been  made  to  discover  the  true  composition  of 
American  petroleum.  In  fractions  below  200°  from  Galician 
oil,  Lachowicz  obtained  no  reaction  with  bromine,  yet,  so  far 
as  they  have  been  examined  in  this  laboratory,  distillates  be- 
low 200°  from  American  oils  do  not  fail  to  show  a  considera- 
ble bromine  absorption.  The  sulphur  compounds  in  Ohio  and 
Canadian  oils  have  a  great  afi&nity  for  bromine.  Substitution 
may  take  place  in  the  aromatic  hydrocarbons  which  American 
oils  contain,  as  well  as  in  the  hydrocarbons  C^H^^+z,  unless 
light  is  excluded.  All  these  bodies,  and  probably  others,  are 
affected  in  the  ordinary  determinations  of  bromine  absorption. 

At  the  suggestion  of  one  of  us  (C.  F.  M,),  in  connection 
with  another  line  of  work  on  petroleum,  Mr,  T.  A.  Hicks,  a 
student  in  this  laboratory,  undertook  a  study  of  bromine  ab- 
sorption in  crude  oil  and  in  fractions  obtained  from  it  after 
various  modes  of  treatment.  Two  determinations  in  the  oil 
before  treatment  gave,  as  the  percentage  of  bromine  absorbed, 
(I.)  8.43  and  (II.)  8.73.  A  portion  agitated  with  alcoholic 
mercuric  chloride,  washed  and  dried,  gave  (I.)  9.27  and  (II.) 
9.58.  indicating  that  the  crude  oil  holds  in  solution,  to  some 
extent,  the  mercuric  chloride  compound.  After  treatment 
with  mercuric  chloride,  a  portion  of  the  oil  shaken  with  com- 
mon concentrated  sulphuric  acid  gave  with  bromine,  (I.)  5.91 
and  (II.)  5.94.  The  oil  was  next  shaken  with  fuming  sul- 
phuric acid,  washed  and  dried,  when  it  absorbed  bromine 
equivalent  to  (I.)  3.47  and  (II.)  3.72.  A  portion  of  the  oil, 
after  the  last  treatment,  was  distilled  under  atmospheric  pres- 
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sure,  fractions  collected  at  ioo°-i25°,  i25°-200°,  and  200°- 
230°.  In  the  first  distillate  the  bromine  absorption  was,  (I.) 
4.65,  (II.)  4.75  ;  in  the  second  (I.)  4.63,  (II.)  4.58  ;  and  in 
the  third  (I.)  5.61,  (II.)  5.17  per  cent.  Another  portion  of 
the  treated  oil  was  distilled  under  50  mm.,  collecting  at  130°- 
160°,  i6o°-i90°,  i90°-26o°,  and  a  residue,  and  the  bromine 
absorption  determined.  Bromine  absorption  gave  in  the  first 
distillate  (I.)  1.73,  (II.)  2.00;  in  the  second  (I.)  1.96,  (II.) 
2.01  ;  in  the  third  (I.)  3.28,  (II.)  3. 15;  and  in  the  residue  9.52. 
From  these  results  it  is  evident  that  substitution  in  the  less 
volatile  portions  of  the  crude  oil  or  cracking  has  much  to  do 
with  the  amount  of  bromine  absorbed,  especially  since,  in 
these  experiments,  the  reagents  employed  for  the  removal  of 
the  sulphur  compounds  should  also  remove  unsaturated  hydro- 
carbons. In  this  connection  Mr.  Hicks  determined  bromine 
absorption  in  some  distillates  from  Pennsylvania,  Ohio  and 
Canadian  oils,  that  has  been  especially  purified  by  long  distil- 
lation and  treatment  with  reagents,  as  has  been  more  fully  de- 
scribed in  another  paper.  A  distillate,  i94°-i96°,  from  Penn- 
sylvania petroleum,  gave  0.02  per  cent  bromine  absorbed  ;  an- 
other, 209°-2io°,  0.09  per  cent ;  a  distillate,  209°-2io''  Ohio, 
purified  in  the  same  manner,  gave  0.03  per  cent  bromine,  and 
a  Canadian  distillate,  o.  12  per  cent.  These  results  may  be  ac- 
cepted as  showing  no  absorption  of  bromine,  since  this  method 
is  not  capable  of  indicating  such  small  percentages.  That  the 
quantity  of  sulphur  remaining  in  the  crude  oil,  after  treat- 
ing with  fuming  sulphuric  acid,  was  too  small  to  affect  the 
amount  of  bromine  absorbed,  is  shown  by  the  low  percentage  of 
sulphur,  0.09  and  in  the  distillate  2oo°-230°,  atmospheric 
pressure,  o.ooi  per  cent. 

When  the  complex  composition  of  American  petroleum  is 
borne  in  mind,  and  the  probability  of  substitution  in  the  less 
volatile  portions,  the  difficulties  in  testing  for  unsaturated  hy- 
drocarbons are  evident.  Consequently,  all  discussion  of  this 
subject  by  those  best  informed  has  been  undertaken  with  res- 
ervation, while  those  of  others  partake  more  of  the  nature  of 
speculation  on  results  which  the  authors  were  content  merely 
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with  presenting,  without  attempting  explanations  which  the 
facts  were  insuflScient  to  justify. 

We  have  had  good  evidence  that  unsaturated  hydrocarbons 
are  contained  in  distillates  prepared  from  crude  petroleum. 
Polymerization  on  standing,  the  formation  of  dark  colored, 
heavy  oils  can  only  be  explained  by  changes  in  unsaturated 
hydrocarbons  or  unsaturated  sulphides.  Heptylene  was  de- 
scribed in  another  paper  as  a  constituent  of  Ohio  oil. 

Since  the  products  described  in  this  paper  were  contained  in 
the  oil  extracted  with  sulphuric  acid  from  burning  oil  distil- 
late, we  have  assured  ourselves,  by  experiments  already  de- 
scribed, that  ordinary  concentrated  sulphuric  acid,  such  as  is 
used  in  refining  burning  oil  distillates,  removes  from  such  dis- 
tillates, without  decomposition,  the  unsaturated  hydrocarbons 
as  well  as  the  sulphur  compounds,  and,  consequently,  that  the 
sludge  oil,  after  carefully  separating  from  the  acid,  contained 
constituents  of  the  crude  oil  and  not  products  of  decomposi- 
tion. 

In  fractioning  in  vacuo,  as  previously  explained,  a  consid- 
erable proportion  of  the  distillates  from  the  sludge  oil  collected 
below  100°,  which  could  be  distilled  without  decomposition 
under  atmospheric  pressure.  These  portions  were,  therefore, 
carried  through  10  distillations  under  atmospheric  pressure, 
and  the  portions  distilling  below  150°  in  vacuo  also  through  10 
additional  separations  in  vacuo.  On  account  of  great  pressure 
of  other  work,  these  distillates  stood  3  years  before  their  study 
was  resumed,  although,  when  first  obtained,  they  received 
sufficient  attention  to  show  that  they  contained  unsaturated 
hydrocarbons.^ 

Upon  returning  to  these  distillates,  it  was  found  that  some 
of  them  had  undergone  a  marked  change.  Those  collected  at 
certain  temperatures — especially  at  44°-45°,  seventh  distilla- 
tion (50  mm.)  ;  7o°-7i°,  twenty-second  distillation  (atmos- 
pheric pressure) ;  97°-98°,  tenth  distillation  (atmospheric 
pressure)  ;  i  i8°-i  19°,  tenth  distillation  (atmospheric  pressure) 
— corresponding,  in  part,  to  the  boiling-points  of  well-known 
hydrocarbons  of   the  ethylene  series,   C„Hj„,  had   deposited 

»  This  Journal,  16,  92. 
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heavy,  dark  red  oils  in  considerable  quantities,  evidently  prod- 
ucts of  polymerization.  Some  of  the  polymerized  oils  were 
found  to  contain  as  much  as  8  per  cent  of  sulphur,  although 
polymerization  took  place  in  oils  containing  not  more  than  1.5 
per  cent  of  sulphur.  It  was  interesting  to  observe  that  distil- 
lates on  either  side  of  those  from  which  the  heavy  oils  separa- 
ted remained  unchanged  and  were  scarcely  more  discolored 
than  when  they  were  first  distilled.  That  the  distillates  below 
150°  contain  sulphur  compounds  with  a  peculiar  odor,  attack- 
ing the  eyes,  and  in  other  respects  different  from  the  series 
CnHjreS  described  above,  has  been  apparent  since  the  first  dis- 
tillation of  these  oils,  although  these  peculiar  compounds  are 
evidently  present  in  much  smaller  proportions  than  the  others. 
All  these  fractions,  as  well  as  those  above  150°,  united  with 
bromine  with  explosive  violence,  and  with  the  evolution  of 
great  heat.  The  bromine  addition  products,  however,  were 
found  to  be  so  unstable  that  it  was  impossible  to  purify  them 
by  distillation  even  in  vacuo.  They  decomposed  rapidly,  even 
on  standing,  with  the  separation  of  hydrobromic  acid.  In  as- 
certaining the  composition  of  these  hydrocarbons  we  have, 
therefore,  relied  on  the  more  stable  addition  product  obtained 
with  hydrobromic  acid,  which  had  the  further  advantage  that, 
having  no  action  on  the  sulphur  compounds,  the  latter  need 
not  be  removed  before  heating  with  the  acid. 

Hexylene. 

For  the  identification  of  hexylene,  the  small  quantity  of  the 
fractions  7o°-8o°,  twenty-second  distillation  (atmospheric 
pressure),  were  put  together,  and  a  portion  was  heated  to  120°, 
during  5  hours,  with  fuming  hydrobromic  acid.  The  product 
was  washed,  dried  and  fractionated  in  vacuo.  On  account  of 
the  higher  boiling  point  of  the  bromide  it  was  easy  to  separate 
the  addition  product  and,  of  the  small  quantity  obtained,  the 
greater  portion  collected  at  62^-65°  (50  mm.).  The  boiling 
point  of  the  bromide  under  atmospheric  pressure  could  not  be 
determined  on  account  of  its  instability,  but  it  probably  was 
not  far  from  135°.  The  distillate  selected  for  the  formation  of 
this  bromide  was  nearly  the  same  in  boiling  point  as  that  of 
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the  hexylenes  from  various  sources,  65°-7o°.  Upon  analysis 
values  were  obtained  corresponding  to  those  required  for  mono- 
bromhexane  : 

I.  0.1938  gram  oil  gave  0.3108  gram  CO^  and  0.1283  gram 
H,0. 

II.  0.2720  gram  oil  gave  0.3045  gram  AgBr. 

Found. 

II. 


Calculated  for 
CeHisBr. 

I. 

c 

H 
Br 

43-63 
7.88 

48.51 

48.73 
7.41 

47.64 

On  account  of  the  small  amount  of  this  substance  it  was  not 
possible  to  purify  it  more  completely. 

Heptylene. 
The  fractions  98°-io2°,  tenth  distillation  (atmospheric  pres- 
sure), more  nearly  corresponding  to  the  boiling  points  of  the 
various  heptylenes,  9o°-ioo°,  were  selected  especially  be- 
cause they  contained  a  considerable  quantity  of  the  polym- 
erized oil.  On  either  side  of  these  limits  the  distillates  had 
not  changed.  After  treatment  with  fuming  hydrobromic  acid 
and  fractioning  in  vacuo,  the  greater  portion  of  the  bromide 
collected  at  76°-8o°  (50  mm.).  It  could  not  be  distilled  under 
atmospheric  pressure,  but  its  boiling  point  was  probably  not 
far  from  160°.  The  results  of  analysis  corresponded  to  the 
composition  of  monobromheptane  : 

I.  0.2000  gram  oil  gave  0.3498  gram  CO^  and  0.1592  gram 
H,0. 

II.  0.2117  gram  oil  gave  0.2188  gram  AgBr. 

Found. 
I.  II. 

47.71  .     . 

8.90  .     . 

.    -  43-99 

The  sp.  gr.  of  this  heptyl  bromide  was  found  to  be  1.1601. 
Octylene. 

Octylene  was  sought   for  in   the  fraction    Ii8°-ii9°,  tenth 
distillation   (atmospheric  pressure),   from  which  had  separa- 


Calculated  for 

CjHiBBr. 

c 

46.97 

H 

8.38 

Br 

44.73 
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ted  a  small  quantity  of  the  heavy  polymerized  oil.  After 
heating  with  concentrated  hydrobromic  acid,  the  oil  was  frac- 
tioned  in  vacuo  until  15  grams  collected  at  93°-95°  (50  mm,), 
corresponding,  approximately,  to  180°,  atmospheric  pressure. 
The  boiling  point  of  the  distillate  selected  is  near  that  of  di- 
isopropyl  ethylene,  ii6°-i20°,  and  also  that  of  the  octylene, 
ii5°-ii7°,  prepared  from  octyl  chloride  by  Schorlemmer. 

Analyses  of  the  bromide  gave  values  required  for  monobrom- 
octane  : 

I.  o.  1941  gram  oil  gave  0.3486  gram  CO2  and  0.1613  gram 
H,0. 

II.  0.1885  gram  oil  gave  0.1851  gram  AgBr. 

Found. 


Calculated  for 
CsHnBr. 

I. 

c 

H 
Br 

49-74 
8.81 

41-45 

49.00 
9-23 

41-83 

The  sp.  gr.  of  this  octyl  bromide  was  found  to  be  1.1836. 

Nonylene. 

The  fraction  i4o°-i4i°,  tenth  distillation  (atmospheric 
pressure)  was  selected  for  the  addition  of  hydrobromic  acid. 
In  fractioning  the  bromide  in  vacuo,  after  the  separation  of  the 
portion  not  affected  by  the  acid,  the  temperature  rapidly  rose 
to  110°,  and  more  of  the  distillate  collected  at  iio"'-ii3°  than 
at  any  other  point  in  this  vicinity.  This  product  was  less 
stable  than  the  lower  homologues,  but  its  boiling  point  under 
atmospheric  pressure  would  probably  be  in  the  vicinity  of  200°. 
Upon  analysis  it  gave  values  required  for  bromnonane : 

I.  0.1798  gram  oil  gave  0.3481  gram  CO^  and  o.  1501  gram 
H,0. 

II.  0.2117  gram  oil  gave  0.1888  gram  AgBr, 


37-96 


Calculated  for 
CgHisBr. 

I. 

c 

H 
Br 

52.17 

9.18 

38.65 

52.80 

9-33 

The  sp,  gr.  of  this  bromnonane  was  1.2084. 
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Higher  fractions  failed  to  give  us  addition  products  with 
hydrobromic  acid,  either  because  the  additive  power  of  the  hy- 
drocarbon was  too  weak,  or  because,  if  the  addition  product 
were  formed,  it  was  decomposed  by  distillation  in  vacuo.  The 
first  explanation  is  probably  correct,  since  we  have  never 
noticed  the  evolution  of  hydrobromic  acid  in  any  considerable 
quantity.  Perhaps  it  is  more  reasonable  to  assume  that  our 
distillates  contained  no  higher  homologues  of  this  series  than 
those  that  were  identified. 

With  reference  to  the  solvent  power  of  sulphuric  acid  for  the 
hydrocarbons  described  above,  it  is  doubtless  true  that  com- 
pounds with  this  acid  of  the  hydrocarbons  with  high  molecu- 
lar weights  are  less  stable,  and  partake  more  of  the  nature  of 
mechanical  solution.  It  is,  doubtless,  also  true  that  the  me- 
chanical solvent  power  of  the  acid  is  increased  by  the  other 
oils  that  the  acid  dissolves.  If  the  acid  solution  separated  from 
the  oil  be  neutralized  with  calcium  hydroxide,  certain  lime  salts 
are  formed,  crystallizing  in  long  needles,  and  consisting,  at 
least  in  part,  of  nitrogen  bases,  but  sulphonates  of  the  ethylene 
hydrocarbons  and  of  allied  series  have  not  been  observed. 
That  unsaturated  hydrocarbons  may  be  extracted  by  sulphuric 
acid  and  precipitated  by  dilution,  has  been  shown  in  several 
experiments.  We  diluted  a  carboy  of  sludge  acid  by  pouring 
slowly  into  water,  and  found  the  precipitated  oils  to  contain 
these  hydrocarbons.  As  to  their  relative  proportion  in  the 
crude  oil  we  have  no  precise  data,  but  in  comparison  with  the 
principal  constituents  it  is  extremely  small. 

Since  the  sulphur  compounds  described  in  this  paper,  as  well 
as  the  alkyl  sulphides,  are  also  readily  soluble  in  sulphuric 
acid,  they  should  be  removed  as  a  part  of  the  sludge  in  refining 
burning  oil  distillates. 

The  results  described  in  this  paper  may  be  summarized  as 
follows  :  The  separation  from  Canadian  petroleum  of  the  fol- 
lowing series  of  sulphur  compounds  :  hexyl,  heptyl,  octyl, 
nonyl,  decyl,  undecyl,  quatdecyl,  sexdecyl,  octodecyl  thio- 
phanes  ;  the  formation  of  corresponding  sulphones  by  oxida- 
tion. 

Canadian  petroleum  contains,  in  minute   proportions,   un- 
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saturated  hydrocarbons,  C„Hj„,  apparently  of  the  ethylene 
series.  Canadian  petroleum  contains  certain  sulphur-free  oils 
soluble  in  alcohol,  and  different  in  odor  and  in  other  respects 
from  the  series  hitherto  identified  in  petroleum,  possibly  ter- 
penes. 

We  desire  to  acknowledge  our  obligations  to  Messrs.  C.  A. 
Lattimer  and  R.  C.  McBride  for  assistance  in  the  purification 
and  analysis  of  the  sulphur  compounds. 
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CXXX.— THE    RELATIVE    SOLUBILITY    OF    SOME 

DIFFICULTLY  SOLUBLE  CALCIUM    AND 

BARIUM  SALTS. 

By  H.  W.  Foote  and  G.  A.  Menge. 

It  is  well  known  that  the  readily  soluble  salts  of  calcium  are, 
in  general,  more  soluble  than  the  corresponding  barium  salts. 
This  is  true,  for  instance,  of  the  chlorides,  bromides,  iodides, 
nitrates  and  chlorates.  Of  the  difficultly  soluble  salts  calcium 
sulphate  is,  of  course,  more  soluble  than  barium  sulphate. 

In  the  following  investigation  the  attempt  has  been  made  to 
measure  the  relative  solubility  of 

(a)  Calcium  and  barium  carbonates, 
(&)   Calcium  and  barium  oxalates, 
(c)   Calcium  and  barium  fluorides. 

By  the  term  ' '  relative  solubility' '  is  meant  the  ratio  of  the 
solubility  of  each  salt  alone,  in  water,  at  a  given  temperature. 

The  method  which  we  adopted  consisted  essentially  in 
treating  the  difficultly  soluble  calcium  salt  with  a  solution  of 
barium  chloride  of  known  concentration  and  the  corresponding 
barium  salt  with  an  equivalent  solution  of  calcium  chloride. 
The  mixtures  were  shaken  until  no  further  action  occurred, 
as  determined  by  analysis,  and  from  the  proportions  of  barium 
and  calcium  in  the  solution  we  hoped  to  be  able  to  calculate 
the  relative  solubilities.  This  could  not  be  done  accurately  in 
every  case,  as  will  be  shown. 
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Calcium  and  Barium  Carbonates. 

In  a  saturated  solution  of  calcium  carbonate  alone,  or  of 
barium  carbonate  alone,  the  following  expressions  would  hold 
in  case  hydrolysis  were  absent  : 

Ca  X  C03  =  Ki     (i)  ; 
Ba  X  CO3  =  K,     (2). 

The  chemical  symbols  stand  for  the  concentrations  and  K^ 
and  K,  represent  the  solubility  products'  of  calcium  carbonate 
and  barium  carbonate,  respectively. 

Since  in  (i)  Ca^COj  and  in  (2)  Ba^COj,  it  follows  that 

Ca^=:K,     (3), 
Ba^-K,     (4), 

and,  as  the  amounts  of  calcium  and  barium  are  equivalent  to 
calcium  carbonate  and  barium  carbonate, 

Ca=CaC03  =  VkT    (5)  ; 
Ba=BaC03  =  V^T    (6). 

Dividing  (5)  by  (6), 

CaC03     _     >£        . 
BaCOj  VK,       ^^  ' 

That  is,  excluding  hydrolysis,  the  relative  solubility  of  cal- 
cium and  barium  carbonates  is  equal  to  the  ratio  of  the  square 
roots  of  their  solubility  products. 

A  saturated,  aqueous  solution  of  calcium  or  barium  carbon- 
ate is,  however,  largely  hydrolyzed,^ 

CaCOj  +  H,0     =     Ca"  +  OH'  +  HCO3'. 

Letting  the  chemical  symbols  represent  concentrations,  as  be- 
fore, 

Ca"  X  OH'  X  HCO3'  =  K,     (8)  ; 
Ba"  X  OH'  X  HCO3'  =  K,     (9)  ; 

from  which  it  follows  that 

1  Ostwald:  "  Grundriss  der  allgem.  Chem.,"  p.  427. 

2  Kiister  :  Z.  anorg.  Chem.,  22,  161. 
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BaCOj  WT     ^^' 

That  is,  in  case  of  complete  hydrolysis,  the  relative  solubility 
of  calcium  and  barium  carbonates  is  equal  to  the  ratio  of  the 
cube  roots  of  their  solubility  products.  As  will  be  seen  in 
Table  I.,  the  values  calculated  from  expressions  (7)  and  (10) 
do  not  differ  very  greatly  in  the  case  of  the  carbonates. 

In  our  experiments,  calcium  carbonate  was  treated  with  a 
solution  of  barium  chloride,  and  barium  carbonate  with  a  solu- 
tion of  calcium  chloride  : 

CaCOg  +  BaCl,     !:::;     BaCOj  +  CaCl,. 

When  equilibrium  has  taken  place,  the  solution  must  be 
saturated  in  regard  to  both  calcium  and  barium  carbonates, 
but  the  amount  of  calcium  and  barium  ions  is  vastly  in  excess 
of  carbonate  ions. 

In  this  solution,  disregarding  hydrolysis, 
Ca  X  C03  =  Ki  (11), 
Ba  X  CO3  =  K,     (12), 

in  which  K^  and  Kj  represent  the  same  solubility  products  as 
in  (i)  and  (2). 

The  carbonate  ions,  in  their  effect  on  mass  action,  are  com- 
mon to  both  the  carbonates,  so  dividing  (11)  by  (12), 

Ba     ~     K,     ^'>^''- 

The  same  expression  is  obtained  when  hydrolysis  is  assumed 
to  take  place. 

Since  calcium  and  barium  salts  have  about  the  same  ten- 
dency to  dissociate,  in  a  solution  of  the  two  chlorides  the  ratio 
of  the  calcium  ions  to  the  total  calcium  chloride  would  be 
nearly  the  same  as  the  ratio  of  the  barium  ions  to  the  total 
barium  chloride  and  (13)  may,  therefore,  be  written 

CaCl,     _     Kj      ,     . 
B^     -     K,     ^'^^• 

Combining  (7)  and  (14), 
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CaCOa     ^     VK^     ^         /CaCl, 
BaCOj     ~     Vk7      ~~     AlBaCl,     ^^^^" 

That  is,  the  relative  solubility  of  the  carbonates  is  expressed 
by  the  square  root  of  the  ratio  of  the  calcium  and  barium 
chlorides,  in  case  the  pure  carbonates  did  not  hydrolyze  in 
water. 

Combining  (10)  and  (14), 


CaC03      ^     ^     ^       3  CaCl, 
BaCOj  ^K,  A'BaCl,      ^^' 

or,  the  relative  solubility  of  the  carbonates  is  expressed  by  the 
cube  root  of  the  ratio  of  calcium  and  barium  chlorides,  in  case 
the  pure  carbonates  hydrolyzed  completely  in  water. 

The  latter  assumption  of  complete  hydrolysis  is  probably 
more  nearly  correct,  as  the  carbonates  are  so  insoluble.  Kohl- 
rausch  and  Rose^  found  by  determining  the  electrical  conduc- 
tivity, that  a  liter  of  water  dissolved  about  0.25  mg.  equiv- 
alents of  the  carbonates  at  18°,  so  that  the  saturated  solu- 
tions would  be  about  0.00025  N.  This  value  is  probably 
not  very  exact,  as  the  hydrolysis  of  the  salts  appears  not  to 
have  been  taken  into  account  and  the  results  given  above  are 
omitted  from  a  table  of  corrected  solubilities  given  later  by 
Kohlrausch."  The  results  indicate,  however,  that  the  car- 
bonates are  very  insoluble.  The  hydrolysis  of  solutions  con- 
taining sodium  carbonate  has  been  measured  by  Shields*  at  25°. 
He  obtained  the  following  results  : 

NaoCOa  (gram-mols.  Per  cent  of 

per  liter).  hydrolysis. 

0.19  2.12 

0.094  3-17 

0.0477  4-87 

0.0238  7.10 

While  accurate  extrapolation  for  very  dilute  solutions  is  im- 
possible from  these  results,  they  serve  to  show  that  a  solution 
of  sodium  carbonate  as  dilute  as  a  saturated  solution  of  cal- 
cium carbonate,  would  be  largely  hydrolyzed.     Calcium  car- 

1  Z.  physik.  Chem.,  la,  234. 
2/*2rf.,so,  355- 
3  /bid.,  la,  167. 
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bonate  should  hydrolyze  to  about  the  extent  that  sodium  car- 
bonate does,  as  the  acid  radical  is  the  same  and  the  hydroxides 
of  calcium  and  sodium  are  both  strong  bases.  The  relative 
solubility  of  calcium  and  barium  carbonates  would,  therefore, 

be  represented  more  accurately  by  expression  (16)     3/  » 

^'  Jjav^lj 


than  by  (i 


/CaCl, 
^^   AfBaCi; 


For  the  experiments  pure  calcium  and  barium  carbonates 
were  prepared  by  precipitating  solutions  of  the  chlorides  with 
ammonium  carbonate,  in  excess.  Barium  carbonate  was  pre- 
cipitated from  a  hot  solution.  Calcium  carbonate  was  precipi- 
tated cold  and  the  precipitate  and  solution  heated  to  boiling. 
In  this  way  the  salt  was  obtained  in  minute  calcite  crystals, 
which  are  more  stable  than  the  aragonite  obtained  by  precipi- 
tating from  a  hot  solution."  The  carbonates  were  thoroughly 
washed  and  dried. 

Solutions  of  calcium  and  barium  chlorides,  o.  i  N,  were  pre- 
pared and  accurately  standardized,  and  from  these  0.05  N 
solutions  were  made  by  diluting. 

In  analyzing  solutions  containing  both  calcium  and  barium 
chlorides  in  contact  with  the  carbonates,  25  cc.  of  solution 
were  drawn  off  with  a  pipette  through  a  plug  of  glass 
wool.  The  solution  was  diluted,  acidified  with  a  very  few  cc.  of 
acetic  acid,  heated  and  about  10  cc.  of  a  10  per  cent  solu- 
tion of  ammonium  chromate  added.  The  latter  was  prepared 
from  ammonium  bichromate,  by  adding  a  calculated  amount 
of  ammonium  hydroxide,  not  quite  sufficient  to  form  the  nor- 
mal salt.  The  barium  chromate  formed  was  allowed  to  stand, 
then  filtered  on  a  Gooch  crucible,  ignited  and  weighed.  Cal- 
cium could  be  determined  in  the  filtrate  as  oxalate,  but  this 
was  not  necessary  with  the  carbonates,  as  the  amount  present 
in  a  given  volume  could  be  calculated  when  the  barium  was 
known.  It  was  necessary  to  determine  both  calcium  and 
barium  when  working  with  the  oxalates  and  fluorides,  on  ac- 
count of  their  greater  solubility. 

1  Z.  physik.  Chem.,  33,  740. 
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Test  analyses  on  known  amounts  of  barium  in  the  presence 
of  calcium  gave  excellent  results  by  the  method  described 
above. 

A  preliminary  experiment  was  tried  by  treating  a  large  ex- 
cess of  calcium  carbonate,  in  a  bottle,  with  a  solution  of 
barium  chloride,  approximately  o.  i  N,  and  in  another  bottle 
an  excess  of  barium  carbonate  with  a  similar  solution  of  cal- 
cium chloride.  A  small  amount  of  the  other  carbonate  was 
added  in  each  case.  The  bottles  were  shaken  for  several 
weeks  on  a  revolving  shaft,  at  room  temperature.  The  fol- 
lowing results  were  obtained  : 


Carbonates 

used. 

CaCOs.              BaCOg. 

Gram.              Gram. 

Initial  solution, 
milligram  equiva- 
lents per  liter. 
Ca.                Ba. 

Final  solutions, 
milligram  equiva- 
lents per  liter. 
Ca.            Ba. 

I. 
I. 

45 
0.2± 

0.2± 

45 

0.00 
100 

100 
0.00 

52             48 
72             28 

The  final  solutions  obtained,  which  should  have  been  alike 

if  equilibrium  had  been  reached,  were  still  very  far  removed 

from  each  other  and  showed  that  equilibrium  could  be  reached 

in  this  way  only  very  slowly.     The  experiment  showed,  how- 

Ca  52 

ever,  that  for  equilibrium  the  ratio  —  would  lie  between  — 

and  ^.     As  this  experiment  had  proceeded  so  slowly,  it  was 
28 

evident  that  very  thorough  shaking  was  necessary  to  make  the 

carbonates  react  with  the  chlorides. 

We,  therefore,  did  not  carry  on  the  experiment  in  a  thermo- 
stat, but  the  bottles  containing  the  mixtures  were  placed,  as 
before,  on  a  revolving  shaft  which  was  running  throughout 
the  day,  the  temperature  varying  between  15°  and  21°.  Glass 
beads  or  garnets  were  put  in  the  bottles  to  keep  the  precipitate 
suspended.  Without  the  beads  the  precipitate  tended  to 
harden  on  the  sides  of  the  bottle,  due  to  centrifugal  action. 

From  200  to  300  cc.  of  liquid  were  placed  in  the  bottles  with 
an  excess  of  the  carbonates.  Instead  of  starting  with  pure 
calcium  chloride  or  barium  chloride  solutions,  the  equivalent 
solutions  of  these  two  salts  were  mixed  together  in  known  pro- 
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Ca 
portions,  so  that  the  ratio  —  at  the  beginning  was   between 

—  and  — ,  the  preliminary  experiment   having   shown  that 

final  equilibrium  would  lie  between  these  extremes.  In  this 
way  much  time  could  be  saved  in  shaking.  An  excess  of  each 
carbonate  was  used,  so  that  the  reaction  could  proceed  in 
either  direction.  The  mixtures  were  shaken  several  weeks. 
Samples  were  drawn  off  at  intervals  and  barium  determined 
till  there  was  no  further  action  apparent.  In  this  manner  the 
results  given  in  Table  I.  were  obtained. 

iQo.  I  Ca 

In  the  last  two  columns  the  ratios  ^/— -and  J hr^—  have 

\  Ba  \  Ba 

been  calculated  from  the  final  solutions  obtained  and  these  re- 
sults are  nearly  constant.  The  values  do  not  differ  much  from 
each  other,  but  the  second  expression  is  probably  more  nearly 
correct,  so  that 

Relative  solubility,  "  =  1.20. 

jja^_(Jj 

In  the  preceding  work  we  have  assumed  that  the  carbonates 
of  barium  and  calcium  do  not  form  mixed  crystals.  In  that 
case  only  would  the  solubility  relations  derived  above  hold 
strictly.  That  each  carbonate  cannot  form  an  unlimited  series 
of  mixed  crystals  with  the  other  is  shown  by  the  fact  that  the 
stable  crystal  form  of  each  is  different,  calcium  carbonate  is 
rhombohedral  and  barium  carbonate  orthorhombic.  It  was 
probable,  however,  that  the  two  carbonates  could  form  a 
limited  series  of  mixed  crystals  in  which  each  would  dissolve  a 
limited  amount  of  the  other  carbonate.  Such  mixed  carbon- 
ates of  calcium  and  barium  occur  in  nature.  Should  such 
mixed  crystals  be  produced,  the  carbonates  present  in  the  ex- 
periments of  Table  I.  would  not  be  a  mechanical  mixture  of 
the  two  pure  carbonates,  but  a  mixture  of  the  two  carbonates, 
each  saturated  with  the  other,  and  the  relative  solubility 
previously  determined  would  be  the  relative  solubility  of  these 
two  kinds  of  mixed  crystals.     In  general,  the  solubility  of  a 
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salt  diminishes  as  the  amount  of  salt  with  which  it  forms  a 
mixed  crystal  increases.^ 

To  determine  whether  or  not  mixed  crystals  were  formed  in 
the  preceding  experiments  we  proceeded  in  the  following  man- 
ner :  A  0.05  N  solution  of  the  two  chlorides  was  prepared,  in 
which  the  salts  were  present  in  the  proportion  required  for 
equilibrium  as  shown  in  Table  I.,  Nos.  4  and  5.  Part  of  this 
solution  was  treated  with  barium  carbonate,  containing  a 
minute  amount  of  calcium  carbonate  to  induce  crystallization, 
and  the  other  part  was  treated  with  calcium  carbonate  contain- 
ing a  very  small  amount  of  barium  carbonate.  In  each  ex- 
periment, then,  one  carbonate  or  the  other  was  present  in  prac- 
tically pure  condition.  These  mixtures  were  shaken  as  before 
for  2  weeks  and  the  solutions  analyzed.  In  case  mixed  crys- 
tals of  the  two  carbonates  had  not  formed  in  the  previous 
work,  there  would  be  the  same  solid  phases  here  as  before,  in 
Table  I.,  and  we  should  expect  no  change  in  the  solution.  If 
mixed  crystals  had  formed  before,  the  pure  carbonate  in  ex- 
cess, in  the  present  experiments,  would  tend  to  have  a  greater 
relative  solubility  than  indicated  in  Table  I.  and  the  relation  of 
calcium  and  barium  chlorides  in  solution  would  change  ac- 
cordingly.    The  results  recorded  in  Table  II.  were  obtained. 

The  solution  in  the  first  experiment  remained  practically 
constant  and  the  same  as  the  final  solutions  in  Table  I.,  show- 
ing that  calcium  carbonate  had  not  taken  up  an  appreciable 
amount  of  barium  carbonate  in  the  experiments  given  in  Table 
I.  In  the  second  experiment  (Table  II.)  the  barium  in  solu- 
tion increased  and  the  calcium  decreased.  As  the  barium  car- 
bonate in  this  case  was  practically  pure,  this  result  indicates 
that  the  barium  carbonate  in  the  experiments  of  Table  I.  must 
have  taken  up  a  certain  amount  of  calcium  carbonate  to  form 
mixed  crystals. 

Summarizing  the  results  in  Table  II., 

CaCO, 

Relative  solubility  ^  ^^ ^  a     -^u  r^  r^rx     =  ^-^i. 

BaCOj  saturated  with  CaCOj 

CaCO,  dissolved  in  BaCO, 

=  1.08. 

BaCO, 

1  Roozeboom  :  Z.  physik.  Chem.,  lo,  145. 
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The  average  of  these  values  should  represent  very  nearly 
the  relative  solubility  of  the  two  pure  carbonates,  or 

Relative  solubility  ^p^  =  i-i5- 

This  result,  allowing  for  mixed  crystals,  differs  but  little  from 
the  one  in  which  no  allowance  was  made. 

Calcium  and  Barium  Oxalates. 

As  oxalic  acid  is  a  comparatively  strong  acid,  the  hydrolysis 
of  the  oxalates  with  water  can  be  neglected,  and  an  expression 
similar  to  that  for  the  carbonates,  when  hydrolysis  is  assumed 
to  be  absent,  can  be  used  to  represent  the  relative  solubility  of 
barium  and  calcium  oxalates  : 


CaCA  VKi  /CaCL 


BaCA  VkT  a/  BaCl/ 

Kj  and  K^  represent  the  solubility  products  of  the  respective 
oxalates. 

It  was  found  that  barium  oxalate  is  much  more  readily  solu- 
ble than  calcium  oxalate  so  that  the  reaction 

BaC.O,  +  CaCl,     =     CaC^O,  +  BaCl, 

is  very  nearly  complete.  In  fact,  barium  oxalate  has  an  ap- 
preciable absolute  solubility,  and  it  was  necessary  to  determine 
the  amount  of  both  calcium  and  barium  in  solution,  although 
solutions  of  known  concentration  of  the  chlorides  were  used  as 
before. 

The  oxalates  were  prepared  by  precipitating  the  chlorides 
from  a  hot  solution  with  ammonium  oxalate,  in  excess.  They 
were  thoroughly  washed  and  dried.  Solutions  of  barium  and 
calcium  chlorides,  o.i  N  and  0.05  N,  were  used,  as  before. 

The  results  obtained  are  given  in  Table  III.  The  first  two 
experiments  were  preliminary  and  only  barium  was  deter- 
mined directly.  In  the  others,  both  barium  and  calcium  were 
determined.     Experiments  3  to  6  were  shaken  about  3  weeks. 
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The  agreement  between  the  o.  i  N  and  0.05  N  solutions  is  not 
very  satisfactory,  but  is  largely  due  to  the  fact  that  the  amounts 
of  calcium  in  solution  were  small,  and  small  errors  in  determina- 
tion would  give  relatively  large  errors  in  the  ratio.  It  will  be 
observed  that,  in  the  last  4  experiments,  the  final  equilibrium 
appears  not  to  be  independent  of  the  quantities  of  barium  and 
calcium  oxalates.     With  an  excess  of  calcium  oxalate  the  ratio 

Ca 

—  is  greater  than  with   an  excess  of  barium  oxalate.     Ap- 
parently mixed  crystals  form  to  a  certain  extent,  which  would 
account  for  this,  but  the  error  from  this  cause  is  not  greater 
than  the  other  errors  of  the  experiment. 
Taking  the  average  of  the  4  results. 

Relative  solubility  ^  ^*  =  0.22. 
BaCjO^ 

Calcium  and  Barium  Fluorides. 

The  attempt  was  made  to  measure  the  relative  solubility  of 
calcium  and  barium  fluorides,  but  the  results  are  only  of  qual- 
itative interest. 

Barium  fluoride  was  made  by  nearly  neutralizing  pure  hydro- 
fluoric acid  with  potassium  carbonate  and  treating  this  solution 
with  a  dilute  solution  of  barium  chloride,  which  was  not  quite 
sufficient  to  precipitate  all  the  fluoride.  Care  was  taken  that 
the  barium  chloride  was  not  added  in  excess,  as  a  double 
barium  chloride  and  fluoride  apparently  precipitated  under 
these  conditions.  The  precipitated  barium  fluoride  was  thor- 
oughly washed  and  dried. 

The  calcium  fluoride  used  was  pure  fluor  spar,  very  finely 
ground. 

As  these  fluorides  form  three  ions  in  dilute  solution,  the 
relative  solubility  would  be  represented  by  an  expression  simi- 
lar to  that  for  the  hydrolyzed  carbonates. 


CaF,      ^     ^     ^       JCaCl, 
BaF,  ^K,  a  BaCl,- 

On  treating  barium  fluoride  with  calcium  chloride  it 
found  that  the  reaction 
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BaF,  +  CaCl,     =     CaF,  +  BaCl, 

was  nearly  complete,  and  the  amount  of  calcium  left  in  solution 
was  too  small  to  determine  accurately.  Barium  fluoride  is, 
therefore,  very  much  more  soluble  than  calcium  fluoride,  but  the 

/CaCl 
relation    3  /  :^—  -  is  so  much  affected  by  slight  errors  in  deter- 
mining calcium,  that  reliable  quantitative  results  on  the  rela- 
tive solubility  of  the  two  fluorides  cannot  be  obtained. 

Only  0.05  N  solutions  of  calcium  and  barium  chlorides 
could  be  used.  A  o.  i  N  solution  reacted  with  barium  fluoride 
and  formed  a  double  fluoride  and  chloride,  removing  barium 
chloride  from  solution.     The  results  obtained  were  as  follows  : 

Table  IV. 
0.05  N  CaCl^  and  BaCl^. 

Initial  solution,  Final  solution, 

milligram  equivalents  milligram  equivalents 

No.           CaFj.                BaF2.                      per  liter.  per  liter. 

(Grams.)         (Grams.)              Ca.                  Ba.  Ca.                   Ba. 

1  15.0  o.5±  0.0  50.0  1.36         61.72 

2  o.5it     15.0  50.0  0.0  2.00  61.60 

The  absolute  solubility  of  the  carbonates  and  oxalates  of 
calcium  and  barium  has  been  determined  by  Kohlrausch  and 
Rose  and  by  Kohlrausch,^  by  means  of  the  electrical  conduc- 
tivity of  the  saturated  solutions,  and  the  relative  solubilities 
can  be  calculated  from  their  results  and  compared  with  ours. 
They  worked  at  18°. 


Solubility, 
milligram  equivalent 

Ca                             Ca 

per  liter. 

Ba ■                           B*  • 
(Kohlrausch.-)    (Foote  and  Menge.) 

CaCOj 
BaCOj 

0.26| 

0.24 1 

1.08                        1. 15 

CaC,0, 
BaCA 

0.087" 

0.76 

0.  II                        0.22 

Considering  that  the  results  are  obtained  by  two  totally  dif- 
ferent methods,  the  agreement  is  as  close  as  could  be  expected. 
The  method  which  we  have  used  we  believe  gives  closer  re- 
sults than  the  conductivity  method  for  the  carbonates  where 

1  Z.  physik.  Chem.,  la,  234;  50,  355. 
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the  ratio  is  not  far  from  i ,  for  slight  errors  in  determining  the 
amounts  of  calcium  and  barium  in  solution  would  not  ma- 
terially affect  the  ratio.  On  the  other  hand,  in  the  case  of  the 
oxalates,  the  Kohlrausch  method  should  give  fully  as  good 
results,  for  by  our  method  a  slight  error  in  determining  the 
quantity  of  calcium,  which  is  present  in  solution  in  small 
amounts,  affects  the  ratio  considerably. 

Sheffield  Laboratory, 

New  Haven,  Conn., 

February,  1906. 
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THE  BEARING  OF  HYDRATES  ON  THE  TEMPERA- 

TURE  COEFFICIENTS  OF   CONDUCTIVITY 

OF  AQUEOUS  SOLUTIONS. 

[sixteenth  communication.] 

By  Harry  C.  Jones. 

That  the  electrical  conductivity  of  aqueous  solutions  of  elec- 
trolytes, in  general,  increases  greatly  with  rise  in  temperature 
is  a  well  known  fact.  This  might  be  due  either  to  an  increase 
in  the  dissociation  of  the  electrolyte  with  rise  in  temperature, 
or  to  an  increase  in  the  velocity  with  which  the  ions  move,  or 
to  both.  It  is  not  a  difficult  matter  to  test  the  effect  of  change 
in  temperature  on  the  dissociation  of  electrolytes.  It  is  only 
necessary  to  measure  the  dissociation  directly,  at  different  tem- 
peratures, by  the  conductivity  method.  This  has  been  done 
recently  by  Jones  and  West,^  for  temperatures  ranging  from  o° 
to  35".  The  result  is  that  electrolytes,  in  general,  are  slightly 
less  dissociated  at  the  higher  than  at  the  lower  temperatures. 

As  has  been  pointed  out,  this  is  in  accord  with  the  theory  of 
Dutoit  and  Aston,  which  makes  the  dissociating  power  of  a 
solvent  a  function  of  its  own  association — the  more  associated 
a  solvent  the  greater  its  dissociating  power.  Take  a  solvent 
like  water,  the  higher  the  temperature  the  less  it  is  associated 
and,  consequently,  the  smaller  its  power  to  break  molecules  of 
electrolytes  down  into  ions. 

Having  eliminated  the  factor  of  dissociation  as  increasing  the 
conductivity  of  electrolytes  at  the  higher  temperature,  we  are 

1  This  Journal,  34,  357  (1905). 
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forced  to  conclude  that  the  increase  in  conductivity  with  rise 
in  temperature,  shown  by  solutions  of  electrolytes  in  general, 
is  due  to  an  increase  in  the  velocities  with  which  the  ions 
move.    . 

There  are  a  number  of  factors  which  determine  the  velocity 
with  which  an  ion  moves  through  a  solution  of  an  electrolyte. 
Assuming  that  the  force  which  drives  the  ions  is  constant,  the 
velocity  would  he  conditioned  chiefly  by  the  viscosity  of  the 
medium  through  which  the  ion  passed,  and  by  the  size  of  the  ion. 
At  the  more  elevated  temperature  the  force  which  drives  the 
ion  would  be  greater,  and  the  viscosity  of  the  medium  through 
which  the  ion  moves  would  be  less.  Both  of  these  factors 
would  increase  the  velocity  with  which  the  ions  move  and, 
consequently,  increase  the  conductivity  as  the  temperature  was 
raised. 

The  object  of  this  paper  is  to  call  attention  to  another  factor 
which  causes  the  ions  to  move  faster  at  the  more  elevated  tem- 
perature. The  mass  of  the  ion  decreases  with  rise  in  temperature. 
This  does  not  refer  to  the  charged  atom  or  group  of  atoms 
which  we  usually  term  the  ion,  but  to  this  charged  nucleus 
plus  a  larger  or  smaller  number  of  molecules  of  water,  which 
are  attached  to  it,  and  which  it  must  drag  along  with  it  in  its 
motion  through  the  remainder  of  the  solvent. 

That  ions  are  hydrated  has  been  shown  beyond  question  by 
Jones  and  his  co-workers.  That  these  hydrates  are  relatively 
unstable  compounds  has  also  been  demonstrated  ;  the  higher 
the  temperature  the  less  complex  the  hydrates  existing  in  the 
solution.  This  can  be  seen  from  one  example.  In  a  solution 
of  a  certain  definite  concentration,  every  molecule  of  calcium 
chloride,  or  the  ions  resulting  from  it,  holds  about  30  mole- 
cules of  water.  From  such  a  solution  practically  all  of  the 
water  can  be  removed  by  simply  boiling  it,  except  6  molecules 
of  water  to  i  of  calcium  chloride — this  number  being  brought 
out  of  the  solution  by  the  salt  as  water  of  crystallization.  The 
higher  the  temperature,  then,  the  less  complex  the  hydrate 
formed  by  the  ion.  The  less  the  number  of  molecules  of 
water  combined  with  the  ion  the  smaller  the  mass  of  the  ion, 
and  the  less  its  resistance  when  moving  through  the  solvent. 


Conductivity  of  Aqueous  Solutions.  447 

Consequently,  the  ion  will  move  faster  at  the  high  tempera- 
ture. This  conclusion  can  be  tested  by  the  results  of  experi. 
ment.  If  this  factor  of  diminishing  complexity  of  the  hydrate 
formed  by  the  ion  with  rise  in  temperature,  plays  any  promi- 
nent r61e  in  determining  the  large  temperature  coefficient  of 
conductivity,  then  we  should  expect  to  find  those  ions  with  the 
largest  hydrating  power,  having  the  largest  temperature  coefficients 
of  conductivity.  This  will  readily  be  seen  to  be  the  case.  The 
more  complex  the  hydrate,  i.  e.,  the  greater  the  number  of 
molecules  of  water  combined  with  an  ion,  the  greater  the 
change  in  the  complexity  of  the  hydrate  with  rise  in  tempera- 
ture. We  can  readily  test  this  conclusion  by  the  results  of  the 
experimental  work  of  Jones  and  West.^  IvCt  us  compare  the 
temperature  coefficients  of  conductivity  per  degree  rise  in  tem- 
perature, for  some  of  those  substances  which  have  slight  hy- 
drating power,  with  the  corresponding  coefficients  for  a  few  of 
the  substances  which  have  a  much  greater  power  to  combine 
with  water. 

The  volumes  for  which  the  comparisons  are  made  range  from 
2  to  1024,  and  the  temperatures  from  25°  to  35°. 

A  comparison  of  Table  I.  and  Table  II.  will  show  that  the 
above  conclusion  is  confirmed  by  the  experimental  results. 
The  substances  included  in  Table  I.  have  very  slight  hydra- 
ting  power.  Those  in  Table  II.  have  very  much  greater  hy- 
drating power.  It  will  be  remembered  that  hydrating  power 
is  a  function  of  water  of  crystallization — the  larger  the  num- 
ber of  molecules  of  water  of  crystallization  the  greater,  in 
general,  is  the  hydrating  power  of  the  substance.  It  will  be 
seen  that  the  substances  in  Table  I.  have  little  or  no  water  of 
crystallization,  while  those  in  Table  II.  crystallize  with  large 
amounts  of  water.  The  water  of  crystallization  may  be  taken 
as  roughly  proportional  to  the  hydrating  power  of  the  sub- 
stance. 

The  substances  in  Table  I.  have  much  smaller  coefficients  of 
conductivity  than  those  in  Table  11.,  even  taking  into  account 
the  fact  that  those  in  Table  II.  are  ternary  electrolytes,  while 
those  in  Table  I.  are  binary  electrolytes. 

'  This  Journal,  34,  357  (1905). 
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Table  I. — Substances  with  Slight  Hydrating  Power. 


Temperature  coefficients  in  con- 

ductivity units. 

V  =  2.                               V  =  1024. 

Ammonium  chloride 

2.07                  2.94 

"           bromide 

2.16                      2.86 

Potassium  chloride 

2.13                  2.84 

' '          bromide 

2.18                  2.91 

"          iodide 

2.09                  2.91 

' '          nitrate 

1.86                      2.71 

Table  II. — Substances  with  Large  Hydrating  Power. 

V  =  2.                               V  =  1024. 

Calcium  chloride 

3. II                 5.61 

' '        bromide 

301                   5.20 

Strontium    " 

2.93                527 

Barium  chloride 

2.86                      5.30 

Magnesium  chloride 

2.55                      4-59 

Manganese         " 

2.37                      4-86 

' '           nitrate 

2.24                      4.16 

Cobalt  chloride 

2.54                       4-95 

"       nitrate 

2.48                       4.67 

Nickel  chloride 

2.63                       5.04 

"      nitrate 

2.51                        458 

Copper  chloride 

2.15                       5-04 

"       nitrate 

2.38                       4.88 

Another  fact,  of  equal  importance,  is  brought  out  by  com- 
paring the  results  in  Table  I.  with  one  another,  and  simi- 
larly those  in  Table  II.  with  one  another.  If  the  tem- 
perature coefficient  of  conductivity  is  a  function  of  the  decrease 
in  the  complexity  of  the  hydrate  formed  by  the  ion,  with  rise 
in  temperature,  then  we  should  expect  that  those  substances 
which  have  equal  hydrating  power  would  haxe  approximately  the 
same  temperature  coefficients  of  conductivity. 

If  we  examine  the  above  tables  we  shall  see  that  this  is  true. 
The  substances  in  Table  I.  all  have  only  very  slight  hydrating 
power,  as  would  be  expected  from  the  fact  that  they  all  crys- 
tallize without  water.  Their  temperature  coefficients  of  con- 
ductivity are  all  of  the  same  order  of  magnitude  and,  indeed, 
are  very  nearly  equal. 

The  substances  in  Table  II.  all  have  very  great  hydrating 
power,  and  all  have  a  hydrating  power  of  the  same  order  of 
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magnitude.  This  would  be  expected,  since  nearly  all  of  these 
substances  crystallize  with  6  molecules  of  water.  There  are  a 
few  compounds  in  this  table  calling  for  special  comment. 
Barium  chloride  crystallizes  with  only  2  molecules  of  water, 
yet  it  forms  hydrates  comparable  with  those  substances  with 
larger  amounts  of  water  of  crystallization.  It  is,  therefore, 
perfectly  in  keeping  with  the  above  relation  that  its  tempera- 
ture coefficients  of  conductivity  should  be  of  the  order  of  mag- 
nitude that  they  are  in  the  above  table. 

Manganese  chloride  crystallizes  with  only  4  molecules  of 
water,  but  the  work  of  Jones  and  Bassett^  shows  that  it  forms 
hydrates  about  as  complex  as  the  other  salts  in  Table  II.  Its 
temperature  coefficients  of  conductivity  are  of  the  same  order 
of  magnitude  as  the  other  substances  in  this  table. 

Of  the  compounds  recorded  in  Table  II.,  the  one  which,  ap- 
parently, presents  the  most  pronounced  exception  to  the  rela- 
tion that  we  are  now  considering,  is  copper  chloride.  This 
salt  crystallizes  with  only  2  molecules  of  water,  and  yet  has  a 
temperature  coefficient  of  conductivity  that  is  nearly  as  large 
as  the  salts  with  6  molecules  of  water  of  crystallization.  It 
might  be  inferred  that  this  salt  has  much  less  hydrating  power 
than  the  others  in  Table  II.  The  work  of  Jones  and  Bassett^ 
shows  that  this  is  not  the  case.  Copper  chloride  has  a  large 
hydrating  power,  indeed  much  larger  than  would  be  expected 
from  the  amount  of  water  with  which  it  crystallizes.  Its  tem- 
perature coefficient  of  conductivity  is,  therefore,  not  surpris- 
ingly great. 

A  third  point  that  is  brought  out  by  the  results  in  the  above 
tables,  is  the  following  :  At  the  higher  dilution  the  temperature 
coefficient  of  conductivity  for  any  given  substance  is  greater  than 
at  the  lower  dilution.  That  this  is  a  general  relation  will  be  seen 
by  reference  to  the  work  of  Jones  and  West.^  This  is  explained 
very  satisfactorily  on  the  basis  of  the  suggestion  made  in  this 
paper.  The  complexity  of  the  hydrate  at  the  higher  dilution 
is  greater  than  at  the  lower  dilution,  as  is  shown  by  the  experi- 

^  This  Journal,  33,  562  (1905). 
^  Ibid.,  33,  577  (1905)- 
s/bid.,  34.357(1905). 
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ments  of  Jones  and  his  co-workers'  on  the  composition  of  the 
hydrates  formed  by  different  substances  at  different  dilutions. 

The  hydrate  being  more  complex  at  the  higher  dilution,  the 
change  in  the  composition  of  the  hydrate  with  change  in  tem- 
perature would  be  greater  at  the  higher  dilution  and,  conse- 
quently, the  temperature  coeflficient  of  conductivity  is  greater 
the  more  dilute  the  solution. 

The  three  points  that  are  established  in  this  paper  are  : 

1.  The  temperature  coefficients  of  conductivity  of  aqueous 
solutions  of  electrolytes  are  greater,  the  greater  the  hydrating 
power  of  the  electrolyte. 

2.  The  temperature  coefficients  of  conductivity  of  aqueous 
solutions  of  electrolytes  are  of  the  same  order  of  magnitude  for 
those  substances  having,  approximately,  the  same  hydrating 
power. 

5.  The  temperature  coefficients  of  conductivity,  for  any 
given  substance,  increase  with  the  dilution  of  the  solution,  and 
this  increase  is  greatest  for  those  substances  with  large  hydra- 
ting power. 

All  three  of  these  conclusions  are  necessary  consequences  of 
the  assumption  that  the  large  change  in  conductivity  with  change 
in  temperature  is  due,  in  part,  to  the  decreasing  complexity  of  the 
hydrates  formed  around  the  ions,  with  rise  in  temperature. 
Since  these  conclusions  are  all  verified  by  the  results  of  experi- 
ment, we  must  accept  the  assumption  which  led  to  them  as 
containing  a  large  element  of  truth. 

It  is  more  than  probable  that  the  decreasing  complexity  of 
the  hydrates,  with  rise  in  temperature,  is  a  very  important  fac- 
tor in  conditioning  the  large  temperature  coefficients  of  con- 
ductivity, especially  of  those  substances  which  have  large 
hydrating  power. 

Chemical  1,aboratory, 
Johns  Hopkins  University. 
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AN  ELECTRICAL  METHOD  FOR  THE  SIMULTANE- 
OUS DETERMINATION  OF  HYDROGEN,  CAR- 
BON   AND    SULPHUR    IN    ORGANIC 
COMPOUNDS. 

By  H.  N.  Morse  and  C.  W.  Gray. 

In  No.  8,  Vol.  I.,  1906,  page  699  of  the  Chemischer  Central- 
Blatt,  which  has  just  come  into  our  hands,  we  find  an  account 
of  a  "  New  Method  for  the  Analysis  of  Organic  Compounds," 
by  Oreste  Carrasco.  The  original  description  appeared  in 
AitiR.  Accad.  dei  Lincei  Roma  [5],  14.  IL,  613,  December  3, 
1905.  It  is  stated,  however,  by  the  one  making  the  abstract 
for  the  Central-Blatt,  that  an  account  of  the  method  was  de- 
posited July  30,  1904,  in  the  form  of  a  "  sealed  communica- 
tion," which  was  opened  for  the  first  time  at  the  meeting  of 
November  19,  1905. 

The  method  in  question  is  quite  similar  to  one  which  was 
described  in  this  Journai,,  Vol.  33,  No.  6,  which  appeared 
June  I,  1905,  by  H.  N.  Morse  and  L.  S.  Taylor,  under  the 
title,  ' '  An  Electrical  Method  for  the  Combustion  of  Organic 
Compounds."  The  account  of  the  method  of  Morse  and  Tay- 
lor was  delivered  by  them  in  manuscript  to  the  editor  of  the 
JouRNAi.  on  March  i,  1905,  as  appears  at  the  close  of  the  pub- 
lished article,  and  at  that  time  the  method  had  been  fully  de- 
veloped, as  is  attested  by  the  introductory  statements  of  its 
authors,  as  follows:  "The  process  for  the  Analysis  of  Or- 
ganic compounds  which  is  here  described  has  been  in  general 
use  in  this  laboratory  during  the  past  year  and  with  such  sat- 
isfactory results  that  it  has  almost  wholly  supplanted  the  older 
method  of  burning  organic  compounds."  In  other  words,  the 
process  in  question  came  into  general  use  in  this  laboratory 
early  in  the  year  1904,  as  early,  in  fact,  as  March  i  of  that 
year.  Its  feasibility  must,  of  course,  have  been  demonstrated 
at  a  still  earlier  date.  The  idea  of  the  method  originated  in 
connection  with  some  work  of  one  of  the  authors  with  J.  C. 
Frazer  upon  ' '  A  New  Electric  Furnace  and  Various  Other 
Heating  Appliances  for  Laboratory  Use,"  an  account  of  which 
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was  published  in  this  Journal,  32,  93,  and  the  first  experi- 
ments with  the  process  were  made  by  him  during  the  year 
1903.  To  sum  up  the  facts  having  a  bearing  on  the  question 
of  priority,  it  appears  : 

1.  That  the  method  of  Morse  and  Taylor  was  published  on 
June  I,  1905,  and  that  of  Carrasco  on  December  3,  1905. 

2.  That  the  former  process  had  been  developed  and  was  in 
use  in  this  laboratory  as  early  as  March  i,  1904,  while  an  ac- 
count of  the  latter  process — obviously  still  in  an  incomplete 
state — was  deposited  in  the  form  of  a  "  sealed  communication" 
on  July  30,  1904,  which  was  opened  for  the  first  time  on 
November  19,  1905. 

We  now  proceed  to  describe  an  extension  of  the  method  of 
Morse  and  Taylor  to  the  simultaneous  determination  of  car- 
bon, hydrogen  and  sulphur. 

The  apparatus  which  is  employed  is  represented  in  Figs.  I. 
and  II.  It  is  identical  with  that  described  by  Morse  and  Tay- 
lor,' except  in  so  far  as  modifications  were  made  necessary  for 
the  purpose  of  determining  sulphur  at  the  same  time  with  car- 
bon and  hydrogen.  It  consists  of  a  thin,  hard  glass  tube  open 
at  both  ends  and  having  a  length  of  about  600  mm.  and  an  in- 
.  ternal  diameter  of  about  20  mm.  One  end  is  closed  with  a 
rubber  stopper  through  which  pass  (I.)  the  small  porcelain 
tube  K,  having  a  length  of  300  mm.  and  an  external  diameter 
of  6  mm.  and  (II. )  the  exit  tube  L.  The  J-tube  D  is  slipped 
over  the  end  of  the  porcelain  tube  and  is  fastened  to  the  latter 
by  means  of  a  short  piece  of  rubber  tubing.  The  horizontal 
end  of  D  is  closed  with  a  stopper  through  which  passes  a  plat- 
inum wire.  The  wire  extends  through  the  whole  length  of 
the  porcelain  tube  and  returns  upon  the  outside  in  a  series  of 
suspended  loops,  and  then  passes  out  through  the  rubber  stop- 
per, as  shown  in  the  figure.  The  ends  of  the  wire  are  much 
thicker  than  the  intermediate  portion,  in  order  to  avoid  the 
danger  of  burning  the  stoppers.  To  this  point  the  new  appara- 
tus is  identical  with  the  older  one.  The  first  modification 
which  was  introduced  to  adapt  the  method  to  the  determina- 
tion of  sulphur  was  to  wind  the  coils  in  the  vicinity  of  G 
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tightly  about  the  porcelain  tube,  in  order  to  make  room  for  the 
long  platinum  boat  F,  which,  when  an  analysis  is  to  be  made, 
contains  a  weighed  quantity  of  pure  peroxide  of  lead.  The 
rear  end  of  the  boat  is  open  to  facilitate  contact  between  the 
products  of  combustion  and  the  oxide.  The  second  change 
was  to  remove  the  rolls  of  oxidized  copper  wire  gauze  which 
formerly  preceded  and  followed  the  boat  K,  and  to  substitute 
in  their  places  the  asbestos  plugs  J  and  J.  The  rear  end  of  the 
porcelain  tube  passes  through  the  eccentrically  perforated  plat- 
inum disk  I,  and  is  thereby  maintained  in  its  proper  position  in 
the  glass  tube. 

The  apparatus  A  B  C,  in  front  of  the  combustion  tube,  is 
one  designed  to  complete  the  absorption  of  oxides  of  nitrogen, 
a  portion  of  which  is  also  retained  by  the  peroxide  in  F.  It 
consists  of  the  graphited  porcelain  tube  B,  which  has  a  length 
of  about  300  mm.  and  is  electrically  heated,  the  asbestos  cov- 
ering C  and  the  glass  tube  A,  which  is  filled  with  asbestos 
covered  with  peroxide  of  lead.  The  tube  A  is  connected  on 
the  one  side  with  the  combustion  tube  and  on  the  other  with 
the  usual  absorption  apparatus  for  water  and  carbon  dioxide. 

The  method  of  graphiting  porcelain  tubes,  like  B,  and  other 
objects  for  the  purpose  of  electrical  heating,  has  been  de- 
scribed by  Morse  and  Frazer,'  and  the  procedure  need  not, 
therefore,  be  explained  in  this  connection.  To  prepare  the 
tube  A,  asbestos  is  covered,  by  sprinkling  and  mixing,  with  as 
much  peroxide  of  lead  (which  has  previously  been  heated  to 
nearly  300°,  i.  e.,  to  the  temperature  necessary  for  complete 
dehydration)  as  can  be  made  to  adhere  to  it  ;  and,  after  filling 
the  tube,  an  additional  quantity  of  the  peroxide  is  sifted  in 
among  the  asbestos  fibers.  A  single  filling  suffices  for  a  very 
large  number  of  analyses.  During  a  combustion  it  is  neces- 
sary to  maintain  in  the  tube  A  a  temperature  of  about  175°,  in 
order  to  insure  the  complete  absorption  of  nitric  oxide.  The 
apparatus  must,  therefore,  be  subjected  to  a  species  of  calibra- 
tion before  it  is  used.  To  this  end  a  current  of  dried  air,  ap- 
proximately equal  to  that  of  the  gas  which  normally  flows 
through  an  apparatus  during  a  combustion,  is  passed  through 
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A.  A  thermometer  is  inserted  and  the  amount  of  current 
necessary  to  maintain  a  series  of  temperatures  in  the  tube, 
e.  g.,  100°,  125°,  150°,  175°  and  200°,  is  ascertained.  Further- 
more, the  length  of  time  required  by  a  given  current  to  bring 
the  contents  of  the  tube  to  a  constant  temperature  is  deter- 
mined, A  calibration  of  this  kind  is  not  precise,  since  the  rate 
of  flow  of  gas  during  a  combustion  is  irregular  and  at  all  times 
of  somewhat  uncertain  magnitude,  but  it  is  suflSciently  accurate 
for  all  practical  purposes. 

The  peroxide  of  lead  which  is  employed  in  F  for  the  absorp- 
tion of  the  oxides  of  sulphur  is  prepared  by  the  method  of 
Dennstedt  in  the  highest  practicable  state  of  purity,  and  is 
subsequently  heated  to  300°  to  insure  complete  dehydration. 
The  quantity  of  PbO  which  a  unit  weight  of  it  will  yield  is  de- 
termined with  care,  once  for  all,  by  heating  weighed  quantities 
of  the  peroxide  to  constant  weight  in  a  current  of  nitrogen, 
and  the  result  is  employed  in  finding  the  amount  of  sulphur 
trioxide  produced  in  the  combustion.  It  is  necessary,  of 
course,  that  the  peroxide,  when  weighed,  shall  be  entirely  free 
from  moisture  ;  we  therefore  proceed  in  the  following  manner  : 
The  boat  F,  after  introducing  the  requisite  amount  of  the  per- 
oxide— about  5  grams — is  placed  in  a  horizontal  position  in  a 
glass  weighing  tube  having  a  ground  glass  stopper,  the  ma- 
terial, boat  and  tube  are  then  heated  for  half  an  hour  at  a  tem- 
perature of  120°,  and  afterwards  cooled  in  a  desiccator.  When 
the  desiccator  is  opened  for  the  purpose  of  weighing,  the  tube 
is  immediately  closed  with  the  stopper. 

The  procedure,  when  an  analysis  is  to  be  made,  is  as  fol- 
lows :  The  boat  containing  the  weighed  quantity  of  peroxide 
is  inserted  at  F,  and  that  containing  the  substance  to  be  burned 
at  K.  The  two  circuits — that  through  the  combustion  appara- 
tus and  also  that  through  A  B  C — are  closed  through  regula- 
ting rheostats,  and  dry  air  is  passed  through  the  whole  appara- 
tus— except,  of  course,  the  absorption  train.  The  current 
through  A  B  C  is  allowed  to  rise  quickly  to  the  quantity  which 
is  known  to  produce  in  A  the  most  effective  temperature  for 
the  absorption  of  nitric  oxide — about  175° — while  the  current 
through  the  combustion  apparatus  is  regulated  more  cautiously, 
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especially  if  there  is  danger  of  indirectly  heating  the  substance 
in  K  to  a  temperature  at  which  it  becomes  volatile.  Having 
dried  out  the  whole  apparatus,  the  absorption  train  is  joined  to 
A.  the  current  of  dried  and  purified  air  entering  at  the  rear  is 
continued,  oxygen  is  admitted  at  D,  and  the  substance  in  K — 
also  the  plug  of  asbestos  J  in  front  of  the  boat — is  heated  by  a 
lamp  held  in  the  hand.  The  flow  of  oxygen  and  of  air,  and 
the  heating  of  the  substance  with  the  lamp,  likewise  the  tem- 
perature of  the  platinum  coils,  are,  thereafter  regulated  accord- 
ing to  the  best  judgment  of  the  operator.  If  the  substance  is 
so  volatile  that  an  explosion  is  likely  to  occur  between  the 
asbestos  plugs,  the  air  admitted  at  the  rear  is  deprived  of  its 
oxygen  by  inserting  a  roll  of  copper  wire  gauze  behind  the 
last  asbestos  plug  and  heating  it  with  a  lamp  appropriately 
placed  under  the  tube,  or  nitrogen,  instead  of  air,  is  passed  in 
from  a  gasometer. 

The  platinum  coils  are  maintained  at  a  moderately  bright 
red  heat  during  a  combustion.  This  insures  a  sufficiently  high 
temperature  of  the  peroxide  under  the  small  coils  at  G,  and  is 
ample  for  the  combustion  of  the  vapors  of  the  substance. 

The  precautions  which  are  taken  to  prevent  the  cracking  of 
the  glass  combustion  tube,  especially  during  the  cooling-down 
period,  have  been  sufficiently  described  in  a  previous  paper, ^ 
and  only  one  of  these  will  be  recalled  here — that  of  blackening 
the  whole  of  the  exposed  portion  of  the  tube  with  a  smoky 
flame  as  soon  as  the  combustion  is  finished,  and  before  reduc- 
ing the  current  flowing  through  the  platinum  wire. 

The  material  in  the  boat  consists,  after  a  combustion,  of  a 
mixture  of  lead  peroxide,  lead  sulphate,  and — if  the  substance 
contained  nitrogen — a  small  quantity  of  lead  nitrate  ;  and  the 
amount  of  PbO — supposing  all  of  the  lead  to  be  in  that  state — 
is  known.  To  find  the  amount  of  sulphur,  reckoned  as  SO3, 
it  is,  therefore,  only  necessary  to  reduce  the  peroxide  and  ni- 
trate in  the  mixture  to  oxide  and  weigh  the  residue.  This  re- 
duction is  efi"ected  in  the  following  manner  :  The  boat,  with 
its  contents,  is  placed  in  a  hard  glass  tube,  and  behind  it  is  in- 
serted a  roll  of  copper  wire  gauze.     Both  the  boat  and  the  roll 
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are  heated  by  lamps  and  air  is  passed  through  the  tube  ;  or 
the  reduction  is  effected  in  a  current  of  nitrogen  flowing  from 
a  gasometer.  The  decomposition  of  the  nitrate  is  made  mani- 
fest by  the  appearance  and  subsequent  disappearance  of  red- 
dish vapors,  and  the  reduction  of  the  peroxide  by  the  disap- 
pearance of  brown  and  red  colors  in  the  material ;  neverthe- 
less, the  residue  is  reheated,  after  weighing,  in  an  atmosphere  of 
nitrogen  to  ascertain  if  the  weight  remains  constant. 

We  give  below  the  results  obtained  by  the  analysis  of  a  few 
substances  : 

'' Sulphonal,"  (CH,),C(SO,C,H,),. 

C.  H. 

Theoretical         36.80  7.06 

Found  36.69  7.26 

36.47  7.12 

36.73  7.19 

Phenylthiourea,  NH.CSNHC^H,. 

C.  H. 

Theoretical         55-19  5.29 

Found  55.40  5.24 

55-24  550 

Phenylthiosemicarbazide,  C^H^NHNHCSNH^. 

C.  H.  S. 

Theoretical         50.22  5.12  i9-i7 

Found                 50-38  5.40  18.91 

50.39  5.50  19-31 

Parasulphaminehenzoic  Acid,  CJIJ^SO^NH^')COOH. 

c.  H.                         s. 

Theoretical        41 -76  3.50  15- 93 

Found                 41.84  3.70  16.05 

41.79  3.57  16.10 

In  the  original  form  of  the  method  as  described  by  Morse 
and  Taylor^  for  the  determination  of  carbon  and  hydrogen 
only,  the  oxides  of  nitrogen  were  reduced  by  means  of  metallic 
copper,  and  such  a  reduction,  in  skilled  hands,  is  practicable 
and  gives  satisfactory  results,  but  further  experience  has 
shown  that  this  procedure  is  apt  to  fail  in  the  hands  of  be- 
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28.09 
28.16 

27.90 
28.03 

s. 

18.44 
18.30 
18.53 
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ginners.  In  the  later  practice,  therefore,  the  use  of  copper  has 
been  abandoned,  and  the  oxides  of  nitrogen  are  now  absorbed 
by  the  peroxide  of  lead  in  exactly  the  manner  described  above. 
If  carbon  and  hydrogen  are  to  be  determined  in  a  compound 
containing  nitrogen  but  no  sulphur,  the  boat  of  peroxide  at  F 
may  be  dispensed  with  and  the  contents  of  A  relied  upon  to 
absorb  all  the  oxides  of  nitrogen.  It  is  well,  however,  in 
burning  substances  which  do  not  contain  sulphur,  to  replace 
the  plugs  of  asbestos  J  J  by  oxidized  rolls  of  copper  wire 
gauze. 

It  is  stated  by  Carrasco  that  his  method,  in  the  form  de- 
scribed in  the  ''  sealed  communication" — that  is,  without  any 
provision  for  the  removal  of  oxides  of  nitrogen,  "  is  adapted  to 
substances  containing  ammoniacal  nitrogen,  while  in  the  pres- 
ence of  NOj  groups  too  high  values  for  carbon  are  obtained," 
etc.  The  first  part  of  the  above  statement,  which  is  quoted 
from  the  abstract  in  the  Central-Blatt,  is  surprising  in  view  of 
the  fact  that  probably  all  organic  substances  containing  "  am- 
moniacal" nitrogen  yield  nitric  oxide  when  burned  in  oxygen, 
and  many  of  them  notable  quantities  of  it.  It  would  seem 
that  even  a  little  actual  experience  with  his  proposed  method, 
as  applied  to  nitrogenous  substances,  should  have  convinced  its 
author  that,  when  any  compound  containing  nitrogen,  what- 
ever its  class,  is  burned  for  the  purpose  of  determining  carbon 
and  hydrogen,  it  is  wise  to  make  ample  provision  for  the  re- 
duction or  absorption  of  oxides  of  nitrogen. 

Johns  Hopkins  University, 
March  14,  1906. 


REPORTS. 

The  Atomic  Weight  of  Nitrogen. 

In  the  last  report,  for  1906,  of  the  International  Committee 
on  Atomic  Weights,  attention  is  called  to  recent  work  on 
chlorine  and  nitrogen  which  indicates  that  an  entire  revision 
of  the  atomic  weights  may  soon  be  necessary,  because  nearly 
all  of  them  are  based  on  the  assumed  accuracy  of  a  few,  such 
as  those  of  silver,  chlorine,  bromine,  sodium,  etc.,  some 
of  which  have  been  changed  as  a  result  of  the  use  of  im- 
proved  and   more   accurate  methods.      In   the   report   refer- 
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ence  also  is  made  to  the  fact  that  nearly  all  the  weights  are 
based  on  the  analyses  of  several  oxyhalogen  salts.  "  Their 
accuracy  is  assumed  and  all  the  anomalies,  which  appear 
in  determinations  based  upon  other  lines  of  research,  are 
commonly  ascribed  to  undiscovered  errors.  The  assumption 
may  be  sustained,  but  it  is  not  yet  beyond  the  reach  of  criti- 
cism." Among  the  atomic  weights  which  have  been  redeter- 
mined by  the  more  accurate  and  logical  methods  is  that  of 
nitrogen.  The  results  obtained  by  independent  workers,  using 
different  substances  and  both  gravimetric  and  volumetric  meth- 
ods, necessitate  the  acceptance  of  the  value  14.01  instead  of 
the  value  14.04,  as  found  by  the  indirect  gravimetric  methods, 
and  as  adopted  by  the  International  Committee  on  Atomic 
Weights.  This  work  upon  the  atomic  weight  of  nitrogen  has 
been  carried  out  by  Guye'  and  his  colleagues  at  Geneva,  and  by 
Gray,^  in  Sir  Wm.  Ramsay's  laboratory  and  in  the  Chemical 
Institute  in  Bonn.  The  basis  of  the  present  report  is  a  lecture 
on  the  subject  delivered  by  Guye,  last  year,  before  the  chem- 
ical society  of  Paris.  The  fact  is  pointed  out  that,  in  the 
methods  used  by  Stas  and  his  predecessors  and  followers,  as 
shown  in  Table  I.,  the  values  are  not  very  concordant  and  are 
generally  higher  than  the  values  in  Table  II.,  which  are  based 
upon  determinations  of  the  densities  of  the  gases,  corrected  by 
physical-chemical  methods. 

Table  I. — From  Chemical  Data. 


Marignac 

(1843) 

Stas 

(1865) 

Dean 

(1900) 

Scott 

(1901) 

Thomsen 

(1894) 

Hardin 

(1896) 

Richards 

) 

and 

r  (1904) 

Archibald 

) 

Table  II.— 

ratio  AgCN  :  Ag 

"     HCl  :  NH3 
"     Ag  :  AgNOe 

„     CSNO3  :  CsO. 
.<     KN03:KA 


Atomic  weight. 
14.043 

14-055 
14.031 
14.010 
14.021 
14.01 

14-037 
14.040 


From  Physical  Data. 


Gases  compared. 

Rayleigh       (1905)     N^  and  O^ 

(1898)     N,    "     O, 
(1897)     N,    "     O3 

}(i905)    N,    "     O, 


Berthelot 
Leduc 
Jaquerod 
and  Perrot 


Method  of  correction. 

Limiting  densities 


Molecular  volumes 

Comparison  at  high 

temperatures 


Atomic 
weight. 

14.009 

13.996 

14.007 

14-005 

14.008 


1  BuU.  Soc.  Chim.,  [31,  33,  44  (1905). 
«  J.  Cbem.  Soc,  87,  1601  (1905). 


460  Reports. 

Guye  points  out  that  the  methods  which  have  been  used  in 
determining  the  atomic  weight  of  nitrogen  gravimetrically  in- 
troduce a  number  of  uncertain  factors,  and  increase  the  proba- 
ble error  of  the  result.  Thus,  in  the  case  when  the  value  is 
determined  from  a  study  of  the  ratio  Ag  :  NH^Cl,  he  shows 
that  the  atomic  weight  determined  can  be  expressed  by  the 
following  equation  : 

X  =  Ar—B. 

When  r  is  the  ratio  of  the  silver  and  ammonium  chloride,  A 
the  assumed  known  atomic  weight  of  silver,  and  B  the  sum  of 
the  atomic  weights  of  4H  +  CI.  While  the  value  for  r  can  be 
determined  with  considerable  accuracy,  those  for  A  and  B  in- 
volve greater  errors,  especially  as  nearly  all  of  the  atomic 
weights  are  based  on  that  of  silver,  and  an  error  here  would 
produce  a  greater  error  in  the  atomic  weights  of  the  other  sub- 
stances whose  weights  have  been  determined  by  reference  to  it. 
Guye  concludes  that  the  errors  in  the  atomic  weight  of  nitrogen, 
as  determined  by  the  classical  methods  of  Stas  and  his  prede- 
cessors and  followers,  vary  from  ±0.013  to  ±0.039,  and  that 
these  methods  cannot  be  used  to  determine  the  atomic  weight 
of  nitrogen  with  accuracy  in  the  second  decimal  place. 

On  the  other  hand,  by  the  use  of  modern  physical-chemical 
methods,  very  concordant  and  accurate  determinations  can  be 
made.  These  values  are  obtained  by  determining  the  ratio  of 
the  density  of  nitrogen  to  that  of  other  gases,  the  results  being 
then  corrected  with  due  regard  to  the  laws  of  Boyle,  Avogadro, 
etc.     The  methods  used  to  correct  the  densities  found  are  : 

(a)  The  reduction  of  the  critical  constants  ; 

(6)  The  method  of  limiting  densities ; 

(c)  The  method  of  corresponding  densities  ; 

(d)  The  method  of  the  molecular  volumes. 

In  this  manner  results  are  obtained  in  which  the  error  is  only 
±0.003. 

The  atomic  weight  of  nitrogen  as  determined  by  these  meth- 
ods is  14.008,  as  shown  by  the  following  summary  of  the  re- 
sults : 

Ratio  of    Nj  and  O2    (6  determinations)  14.009 

"      "     N,    "  CO    (6            "             )  14.006 

"      "    N^O  "   CO,  (2            "             )  14.007 

"      "    NO    "    O,    (2            "             )  14.008 


General  average,     14.008 
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While  the  older  gravimetric  methods  used  to  determine  the 
atomic  weight  of  nitrogen  are  not  accurate,  owing  largely  to 
their  unfortunate  selection,  it  is  possible  to  choose  substances 
where  both  the  direct  weights  and  volume  relations  can  be  de- 
termined in  the  same  substance. 

Guye  has  thus  been  able,  using  nitrous  oxide,  to  determine 
the  atomic  weight  of  nitrogen  by  the  two  methods.  A  glass 
tube,  containing  a  spiral  of  iron  wire,  connected  by  platinum 
loops  fused  in  the  ends  of  the  tube,  is  first  exhausted  and 
weighed,  then  filled  with  pure  dry  nitrous  oxide  and  weighed. 
If  a  current  is  then  passed  through  the  spiral  the  gas  is  decom- 
posed and  the  nitrogen  formed  is  absorbed  in  a  tube  of  cocoa- 
nut  charcoal,  which  has  been  carefully  exhausted.  The 
weight  of  the  nitrogen  can  thus  be  determined,  as  can  that  of 
the  oxygen,  by  the  increase  of  weight  of  the  tube  containing 
the  spiral.  This,  of  course,  is  a  very  brief  outline  of  the 
method  and  gives  no  idea  of  the  immense  difficulties  which  had 
to  be  overcome  before  it  could  be  used.  The  average  of  one 
series  of  5  determinations  was  14.007,  while  another,  of  3  de- 
terminations, gave  14.004. 

In  the  analysis  by  volume  the  same  apparatus  was  used  to 
decompose  the  gas.  The  vessel,  to  which  a  manometer  was 
attached,  was  filled  with  nitrous  oxide,  which,  after  its  pres- 
sure had  been  determined,  was  decomposed.  By  observing  the 
change  in  pressure,  keeping  the  volume  constant,  the  necessary 
data  could  be  obtained  from  which  to  calculate  the  atomic 
weight.  The  mean  of  4  determinations  by  this  method  gave 
14.015,  which,  averaged  with  the  analyses  by  weight,  gives  a 
mean  of  14.009,  as  compare dwith  the  atomic  weight  14.008  by 
the  physical-chemical  method. 

Analysis  by  weight  of  N^O  (5  determinations)      14.007 

"     "     (3  "  )      14.003 

"  "  volume"     "     (6  "  )      14.015 


14.009 


That  this  figure  or,  in  round  numbers,  14.01,  is  more  correct 
than  14.04  is  confirmed  by  the  work  of  Gray,  who  used  nitric 
oxide,  which  was  obtained  free  from  nitrous  oxide  ane  nitro- 
gen. Tne  nitrous  oxide  was  removed  by  allowing  the  impure 
nitric  oxide  gas  to  bubble  through  several  vessels  containing 
liquid  nitric  oxide  in  which  the  nitrous  oxide  was  absorbed. 
The  nitrogen  was  separated  by  subliming  the  nitric  oxide  con- 
taining nitrogen  at  a  low  pressure  and  removing  the  nitrogen, 
which  was  not  absorbed  under  these  conditions,  by  the  pump. 
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The  gas  thus  obtained  was  carefully  tested  for  impurities,  its 
deusity  was  determined  and  the  value  corrected  to  reduce  it  to 
that  which  it  would  have  as  a  perfect  gas,  and  also  to  obtain 
the  atomic  weight  of  nitrogen  by  the  gravimetric  method. 
The  apparatus  used  by  Gray  consisted  of  a  vessel  which  could 
be  exhausted,  it  contained  a  porcelain  boat  resting  upon  nickel 
supports  ;  these  served  as  the  two  poles  of  a  source  of  elec- 
tricity which  was  used  to  heat  the  contents  of  the  boat  by 
means  of  a  platinum  wire  wound  around  the  boat  and  con- 
nected with  the  nickel  wires.  Carefully  purified  nickel,  in  a 
finely  divided  condition,  was  placed  in  the  boat.  The  known 
weight  of  nitric  oxide  could  be  decomposed  by  contact  with  the 
heated  nickel,  the  free  nitrogen  absorbed  in  charcoal  and 
weighed,  and  the  oxygen  determined  by  the  increase  in  weight 
of  the  bulb  and  boat. 

The  results  obtained  by  this  method  may  be  summarized  in 
the  following  table  : 

I.  From  the  density  of  nitric  oxide  corrected 

by  two  different  methods,  12  results  14.006 

II.  From  the  density  of  nitrogen  gas  obtained 

in  the  gravimetric  analysis,  2  results  14.008 

III.  From  the  gravimetric  analysis  of  nitric 
oxide,  22  results  14.010 


General  average,  giving  each  result  an  equal 

value  14,0085 

From  an  examination  of  Tables  I.  and  II.  it  will  be  seen 
that  the  physical-chemical  methods  give,  in  general,  more  con- 
cordant and  lower  results  than  the  chemical  methods,  Guye 
suggests  that  possibly  this  may  be  due  to  an  error  in  the 
atomic  weight  of  silver  and  presents  the  following  arguments 
in  favor  of  a  lower  value  : 

Recalculating  60  determinations  of  the  ratio  of  silver  to  sil- 
ver salts,  using  the  figure  14.01  for  nitrogen,  the  average  re- 
sult for  silver  is  107.885. 

While  the  atomic  weights  of  carbon,  nitrogen  and  hydrogen 
have  been  accurately  determined  by  the  physical-chemical 
methods,  those  of  chlorine,  sulphur  and  phosphorus  have  been 
obtained  by  the  use  of  only  one  gas  in  each  case,  and  the  re- 
sults have  not  yet  been  verified.  If  these  weights  are  used  to 
recalculate  a  number  of  determinations,  an  average  of  107.905 
is  obtained  for  silver. 

Dixon  and  Edgar  have  determined  the  atomic  weight  of 
chlorine  by  a  direct  synthesis  of  hydrochloric  acid,  from  hydro- 
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gen  and  chlorine ;  they  obtain  the  value  35.463.  The  use 
of  this  weight  in  the  recalculation  of  the  atomic  weight  of  sil- 
ver gives  the  figure  107.88. 

From  a  consideration  of  all  these  facts  Guye  suggests  that 
the  diflFerence  in  the  atomic  weight  of  nitrogen,  as  obtained  by 
the  older  gravimetric  methods  and  by  the  physical-chemical 
methods,  may  be  due  to  the  use  of  too  high  an  atomic  weight 
for  silver,  which  probably  lies  between  107.871  and  107.895, 
and  cannot  be  as  high  as  107.93,  the  value  adopted  by  the 
Committee  on  Atomic  Weights.  j.  E.  G. 

The  Action  of  Ozone  on  Organic  Compounds. 

Since  the  discovery  of  ozone  by  Schoenbein,  in  1840,  its  ac- 
tion on  various  organic  substances  has  been  investigated  by  a 
considerable  number  of  chemists.  The  results,  hitherto,  have 
not  been  very  satisfactory,  nor  have  they  led  to  conclusions  of 
general  interest.  This  has  arisen,  in  part,  from  the  diflSculty 
of  obtaining  ozonized  oxygen  of  sufficiently  constant  composi- 
tion and  with  the  necessary  concentration  of  ozone,  in  part, 
however,  from  the  explosive  nature  of  the  products  of  the  re- 
action. The  results  may  be  summarized  by  saying  that  ozone 
was  known  to  act  on  various  hydrocarbons  such  as  methane 
and  ethylene,  and  on  alcohol,  forming  aldehydes,  acids  and  hy- 
drogen peroxide,  while,  under  certain  conditions,  explosive 
products  of  the  nature  of  peroxides  were  formed,  which  were 
decomposed  by  water  in  a  highly  complicated  fashion. 

Some  time  ago  C.  Harries,  professor  at  the  University  of 
Kiel,  noticed  how  readily  ozone  attacks  rubber,  a  fact  which  is 
well  known  to  all  who  have  worked  with  ozone,  but  on  treat- 
ing pure  caoutchouc  with  it  he  obtained  no  reaction.  By  means 
of  an  alternating  current  of  high  voltage,  the  ozone  content  of 
the  gas  was  raised  to  about  5  per  cent ;  this  gaseous  mixture 
readily  acted  on  caoutchouc,  but  the  product  is  too  complica- 
ted to  be  of  service,  at  present,  in  the  elucidation  of  the  con- 
stitution of  the  parent  substance. 

Harries,  in  conjunction  with  a  number  of  co-workers,  then 
investigated,  in  a  systematic  manner,  the  action  of  ozone  on 
various  classes  of  organic  compounds  ;  most  of  the  results  have 
been  published,  at  intervals,  in  brief  papers,  but  recently  they 
have  been  embodied  in  a  single  article'  of  considerable  interest. 

The  experiments  were  carried  out  by  dissolving  the  sub- 
stance under  examination  in  most  carefully  dried  chloroform, 
cooling  the  solution  in  a  freezing  mixture  and  passing  through 
it  a  stream  of  ozonized  oxygen  and  carbon  dioxide.     The  lat- 

1  Ann.  Chem.  (I<iebig),  343,  311. 
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ter  serves  to  remove  volatile  products  and  to  diminish  the  dan- 
ger of  explosion.  The  chloroform  appears  to  have  a  similar 
influence. 

In  these  circumstances  ozone  is  found  to  combine  with  com- 
pounds containing  an  ethylene  linkage,  forming  "  ozonides,"  a 
term  which  has  been  applied  previously  by  Schoenbein  to  sil- 
ver peroxide  : 

>C  :  C<  +  0=0     ^-^      >C C<. 

%^  I  I 

o  o — o 

\^ 

o 

It  will  be  noticed  that  Harries  formulates  the  oxygen  as  tetra- 
valent,  neither  the  reason  nor  the  necessity  for  this  is  wholly 
apparent ;  the  results  could  be  equally  well  expressed  by  an 
ordinary  bivalent  form,  and,  indeed,  the  author  is  not  con- 
sistent in  the  use  of  his  tetravalent  formulae. 

Ozone  is  without  action  on  the  trimethylene  ring. 

These  ozonides  are,  in  general,  thick  oils,  or  colorless, 
vitreous  syrups,  they  have  a  characteristic,  disagreeable  odor 
and  are  more  or  less  explosive.  Some  of  them  can  be  distilled 
under  reduced  pressure,  others  are  resolved  into  their  constit- 
uents when  heated  and  the  remainder  explode.  That  .they  are 
peroxides  is  shown  by  their  liberation  of  iodine  from  potas- 
sium iodide  and  their  bleaching  of  indigo  and  potassium  per- 
manganate solutions.  The  most  interesting  reaction  of  the 
ozonides  is,  however,  their  behavior  with  water,  in  contact 
with  which  they  yield  hydrogen  peroxide  and  aldehydes  or 
ketones  : 

>C C<  +  H,0     ^^     >C0  +  >C0  +  HA- 

I  I 

o — o 

%// 

o 

These  reactions  explain  the  production  from  isoeugenol, 

h6c6H3(6cH3)CH  :  CHCH3, 

of  vanillin  by  the  action  of  ozone  and  water,  the  primary  prod- 
uct being  the  ozonide,  which  decomposes  in  the  manner  indica- 
ted, 
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HOC6H3(OCH3)CH7^CHCH3 ; 

I     /  I    I 

i  O  \ 


isosafrol, 


3 

ChZ      >C,H3CH  :  CHCH3, 

4 
yields,  in  a  similar  manner,  piperonal.     With  benzene  the  tri- 
ozonide, 

0=0  — CH 

11/     /\ 

O CH  HC— O^x 

O CH  HC— O^ 

ll\     \/ 
0=0— CH 

is  formed  which,  with  water,  gives  3HCOCHO  +  sHjO^.  It 
is  many  years  since  a  more  beautiful,  purely  chemical  support 
for  the  Kekule  formula  has  been  furnished. 

Ethylene  compounds  containing  a  carbonyl  group,  i.  e.,  un- 
saturated aldehydes,  ketones  and  monobasic  acids,  when  treated 
with  ozone,  combine  with  4  atoms  of  oxygen,  as  shown  with 
mesityl  oxide,  for  example  : 

(CH.,C:CHCOCH.-.0,.0    ^     (CH,.C-CHCCH. 

o — o  o 

%^    II 

o      o 

with  water  the  decomposition  is  similar  to  that  already  de- 
scribed, 

(CH3),C CHCO.CHj  -f  2H,0    ^^ 

\/ 

(CH3),C0  +  OCHCOCH3  +  2HA. 

In  some  cases  the  decomposition  takes  a  diflferent  course,  re- 
sulting in  the  production  of  peroxides,  such  as  acetone  per- 
oxide, (CH3)2COj.     This  capacity  of  carbonyl  derivatives  to 
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decompose  ozone,  in  contradistinction  to  the  ability  of  the  car- 
bon atoms  with  an  ethylene  linkage  to  add  it,  is  not  confined  to 
unsaturated  aldehydes  and  ketones, heptoicaldehyde(oenanthol), 
CHgCH^CH.CH.CH.CH.CHO,  for  example,  with  ozone,  yields 
the  peroxide,  CH3(CH2)5CH  :  O  :  O,  which  is  isomeric  with 
heptoic  (oenanthic)  acid  and,  indeed,  changes  spontaneously 
into  this  in  the  course  of  time  ;  with  water  the  peroxide  yields 
hydrogen  peroxide  and  regenerates  the  original  aldehyde.  It 
is  obvious  that  these  facts  are  highly  important  and  suggestive 
in  connection  with  the  current  theory  of  the  conversion  of 
aldehydes  into  acids. 

The  action  of  nascent  hydrogen  on  the  ozonides  is  dependent 
on  the  proportion  of  the  former ;  this  is  illustrated  by  methyl- 
heptenone  ozonide,  which,  in  ethereal  solution,  with  alumin- 
ium amalgam,  gives  acetone  and  Isevulinic  aldehyde,  or  the 
corresponding  alcohols,  as  follows  : 

(CHJ.C CHCH,CH,C(CH3)0,  +  4H     s^ 

(CH,),CO  +  OCHCH.CH.COCHj  +  2H,0, 
and 
(CH3),C CHCH,CH,C(CH3)0,  +  loH    ^-^ 

(CH3),CH0H  -f  H0CH,CH,CH,CH(0H)CH3  +  2H,0. 

The  preceding  facts  make  it  easy  to  understand  some  of  the 
results  obtained  by  earlier  workers,  such  as  the  formation  of 
formaldehyde  and  formic  acid  from  ethylene  and  ozone,  and  it 
is  possible  to  correct  certain  statements  which  have  found  their 
way  into  the  literature  ;  thus,  the  ozone  derivative  of  benzene 
is,  as  has  been  stated,  CgHgOg  and  not  CgHgOe- 

Ether  appears  to  be  capable  of  absorbing  an  unlimited  quan- 
tity of  ozone,  the  product  is  a  viscid,  colorless  liquid,  which 
may  be  distilled  under  reduced  pressure,  but  which  often  ex- 
plodes with  terrific  violence.  These  explosions  are,  appar- 
ently, spontaneous.  No  formula  can  be  assigned  to  this  sub- 
stance, as  the  analytical  results  were  very  variable,  but  it  cer- 
tainly contains  much  more  oxygen  than  the  simple  ozonide, 

(C,H5),0<^    I   2^0.     This  property  doubtless  accounts  for  the 

violent  explosions  which  occur  from  time  to  time  during  the 
distillation  of  ether,  in  circumstances  where  all  suspicion  of 
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the  ignition  of  an  ether  vapor — air  mixture  is  excluded,  for 
we  know  that  ozone  is  produced  in  the  laboratory  by  various 
processes  which  are  operative  there. 

By  means  of  ozone  Harries  has  succeeded  in  preparing,  with 
ease,  a  number  of  interesting  compounds  which  were  either 
previously  unknown  or  difficult  to  obtain  ;  the  list  includes 
Isevulinic  aldehyde,  CHjCOCH.CH.CHO,  from  methylhepten- 
one;  aminoacetaldehyde  hydrochloride,  OCHCH.NHj.HCl, 
from  allylamine  hydrochloride  ;  succinic  dialdehyde, 
OCHCH,CH,CHO,  fromdiallyl;  methylglyoxal.  OCHCOCH3, 
from  mesityl  oxide,  and  mesoxaldialdehyde,  OCHCOCHO, 
from  phorone. 

One  of  the  most  interesting  sections  of  Harries'  paper  is  that 
which  deals  with  the  results  of  his  efforts  to  apply  the  ozonide 
reaction  to  the  determination  of  the  constitution  of  various 
compounds.  Space  will  not  permit  of  details  being  given,  but 
the  ground  for  his  conclusions  will  be  readily  understood  by 
the  contents  of  the  preceding  paragraphs.  The  phenylbutene 
obtained  from  i-phenyl-3-aminobutane, 

CeH5CH,CH,CH(NH,)CH3, 

proves  to  be  a  mixture  of  i-phenylbutene(i), 

CfiHgCH  :  CHCH.CHj, 

and  I -phenylbutene  (2), 

CeHjCH.CH  :  CHCH3, 

because  it  yields  a  mixture  of  benzaldehyde  and  phenylacet- 
aldehyde.  Diallyl  must  contain  its  ethylene  linkage  in  the 
1,5-position,  because  it  yields  succinic  dialdehyde, 

OCHCH,CH,CHO. 

The  hydrocarbon  formed  from  magnesiummethyl  iodide  and 
diethyl  succinate  is  2,5-dimethylhexadiene(i,5), 

CH,  :  C(CH3)CH,CH,C(CH3)  :  CH„ 

because  it  yields  formaldehyde  and  acetonyl  acetone.  Di- 
methylheptadiene  is  (CH3),C  :  CHCH,CH,C(CH3)  :  CH„  be- 
cause it  yields  laevulinic  aldehyde  and,  for  the  same  reason, 
the  fundamental  hydrocarbon  of  caoutchouc  has  the  identical 
grouping,  viz.,  >CHCH,CH2C(CH3X.  Crotonic  and  isocro- 
tonic  acids,  CH3CH  :CHCOOH,  must  have  the  same  constitu- 
tion because  both  yield  acetaldehyde  and  gly oxalic  acid,  and  a 
similar  relation  is  proved  to  be  true  of  oleic  and  elaidic  acids. 
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CH3(CH,),CH  :  CH(CH,),COOH,  each  of  which  gives  nonylic 
aldehyde,  CH3(CH,),CHO,  and  the  half  aldehydeof  azelaicacid, 
OCH(CH,),COOH.  The  results  with  compounds  of  the  ter- 
pene  series  were  not  so  simple  and  are  being  further  investi- 
gated. 

The  action  of  ozone  on  benzene  has  been  described  earlier  in 
this  report.  Mesitylene,  in  a  similar  manner,  yields  methyl- 
glyoxal,  CH3COCHO.  From  naphthylene  a  diozonide  is 
formed  which  yields  phthalic  dialdehyde,  CgH^(CHO)j  and, 
probably,  glyoxal ;  this  is  regarded  as  supporting  BaXmberger's 
formula  for  naphthalene,  ^    ,    '^ 'l 'I  Cl/'^' 


according  to  which  one  ring  is  "aliphatic"  and  the  other 
"aromatic."  Phenanthrene  behaves  in  a  manner  similar  to 
naphthalene,  but  anthracene  could  not  be  investigated  on  ac- 
count of  its  insolubility.     Diphenyl  gives  a  tetraozonide. 

The  author  suggests  that  those  aromatic  compounds  which 
react  with  ozone  probably  have  ethylene  linkages  in  the 
nucleus. 


whereas  nitrobenzene,  chlorobenzene,  phenol  ethers,  acids, 
esters,  etc.,  which  are  indifferent  to  ozone,  are  represented  by 
the  centric  formula 


\  ,  / 


I 
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The  paper  is  extremely  interesting  and  well  worth  the  study 
of  all  chemists.  J-  bishop  tingle. 

The  Physical  and  Chemical  Properties  ef  Iron  Carhonyl. 

There  has  recently'  appeared,  under  the  above  title,  a  paper 
by  Sir  James  Dewar  and  Dr.  Humphrey  Owen  Jones,  which 
forms  a  sequel  to  those  by  the  same  authors  on  nickel  car- 
honyl.^ Attention  is  directed  more  particularly  to  the  differ- 
ences in  formula,  color,  stability  and,  especially,  in  be- 
havior toward  light  between  the  analogous  compounds  of  iron 
and  nickel. 

Iron  pentacarbonyl  was  discovered  in  1891  by  Mond  and 
Quincke,^  and  was  shortly  afterwards  isolated  and  studied  by 
Mond  and  Langer,Ho  whom  our  knowledge  of  this  remarkable 
substance  is  almost  entirely  due.  This  is  owing,  no  doubt,  to 
the  great  difi&culty  in  obtaining  the  compound  in  quantity  suf- 
ficient for  investigation,  a  drawback  which  has  not  yet  been 
overcome. 

Iron  carbonyl  is  a  yellow  liquid,  the  color  being  retained 
even  after  careful  purification  and  drying  ;  its  formula  is 
Fe(C0)5,  as  proved  by  analyses  and  molecular  weight  deter- 
minations. 

The  vapor  of  iron  pentacarbonyl  was  found  to  decompose 
quietly,  without  explosion,  when  heated  to  high  temperatures 
alone,  or  in  an  inert  gas.  In  general,  its  chemical  reactions  are 
exactly  parallel  with  those  of  nickel  carbonyl,  differing  only  in 
their  rapidity,  which  is  much  less  owing  to  the  greater  sta- 
bility of  the  iron  compound.  There  are,  however,  some  excep- 
tions to  this  behavior. 

The  most  striking  difference  between  the  two  compounds  is 
the  decomposition  of  the  iron  derivative  by  light.  This  was 
observed  by  Mond  and  ganger,  who  gave  to  the  solid  product 
of  decomposition  the  formula  Fej,(CO),,  but  their  compound 
was  not  pure. 

Dewar  and  Jones  observd  that,  when  pure,  this  solid  sub- 
stance shows  no  change  upon  exposure  to  dry  air,  and  is  only 
slowly  affected  by  ordinary  air  ;  but  that,  if  the  decomposition 
of  the  liquid  carbonyl  is  incomplete  and  the  solid  is  contamina- 
ted with  the  liquid  compound,  it  often  takes  fire. 

By  exposure  of  the  ether  or  petroleum  ether  solution  of  the 
liquid  carbonyl  to  light,  pure  crystals  of  the  solid  carbonyl 
were  obtained  as  beautiful,  lustrous,  hexagonal,   orange  col- 

1  p.  Roy.  Soc,  76,  558  (1905).    Chem.  News,  93,  i,  14,  24  (1906). 
-  P.  Roy.  Soc,  71,  427  (1903).     J.  Chem.  Soc,  85,  203,  213  (1904). 
3  J.  Chem.  Soc,  59,  604  (1891). 
* /bid.,  S9,  1091  (1891). 
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ored  plates.     An  analysis  and  a  study  of  the  liquid  carbonyl 
established  the  formula  Fe2(CO)9  for  these  crystals. 

Upon  being  heated  to  ioo°  the  nonacarbonyl  decomposes  ac- 
cording to  the  equation  : 

2Fe,(C0)«     =     3Fe(CO),  +  Fe  +  3CO. 

Of  considerable  interest  are  the  solutions  of  iron  carbonyl  in 
nickel  carbonyl.  These  exhibit  a  much  paler  yellow  color  than 
solutions  of  equal  concentration  in  other  solvents.  Moreover, 
light  does  not  cause  decomposition  of  the  iron  carbonyl  when 
it  is  in  dilute  solutions  in  nickel  carbonyl.  To  account  for 
these  facts  the  authors  suggest  the  formation  of  an  unstable 
compound, 

Fe(C0)5  +  Ni(CO),     =     FeNi(CO),. 

E.  J.  Hoffman. 
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:feTUDE  Ge;n:&rai.e  des  Sels.  Par  Ai,fred  Ditte,  Membre  de  I'Institut, 
Professeur  de  Chimie  a  I'Universite.  Premier  Partie,  Sels  Binaires. 
Prix,  10  Francs.  Deuxieme  Partie,  Sels  Ternaires  Oxygdnds,  Prix 
12  Francs  50.     Paris  :  Dunod  et  Pinat.     1906. 

These  beautifully  printed  volumes  are,  perhaps,  the  most 
important  recent  contribution  to  the  general  literature  of  inor- 
ganic chemistry.  Especially  is  the  first  volume  important. 
Much  of  the  chemistry  of  binary  compounds  is  recent  and  is  not 
found  in  text-books.  Most  of  this  new  work  is  from  Moissan 
and  his  pupils,  often  done  with  the  help  of  the  electric  furnace 
at  very  high  temperatures,  or  at  extremely  low  temperatures 
with  the  agency  of  liquid  air.  Hitherto,  knowledge  of  this 
work  had  to  be  pieced  together  from  scattered,  brief  articles  in 
the  Comptes  rendus.  In  this  first  volume — a  large  book  of  304 
pages — the  author  considers,  in  detail,  the  following  binary 
series  :  Hydrides,  fluorides,  chlorides,  bromides,  iodides, 
cyanides,  oxides,  sulphides,  selenides,  tellurides,  nitrides, 
phosphides,  arsenides,  antimonides,  carbides,  silicides  and 
borides. 

If  the  reader  realizes  that  he,  like  most  other  chemists, 
really  knows  nothing  of  half  of  the  compounds  on  this  list,  and 
that  Ditte  devotes  13  pages  to  hydrides,  18  to  fluorides,  14  to 
cyanides,  9  to  selenides,  16  to  nitrides,  20  to  carbides,  etc.,  it 
is  clear  that  here  is  something  to  be  studied  by  older  chemists 
as  well  as  by  advanced  students,  and  that  here  the  material, 
hitherto  accessible  only  to  those  who  could  consult  large  libra- 
ries, is  offered  to  the  chemist  in  clear,  well-classified  form. 
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Tlie  second  volume,  of  383  pages,  is  in  two  sections.  In  the 
first  the  subjects  are  :  General  properties  of  salts,  the  action 
of  heat,  of  light,  of  electricity  upon  salts,  the  action  of  the  in- 
herent mechanical  energy  of  salts  (explosives  and  explosion 
waves),  the  action  of  metals,  of  water,  of  other  liquids  than 
water,  of  oxidizing  and  reducing  agents  on  salts,  the  reciprocal 
action  of  acids,  bases  and  salts  (theories  of  affinity),  the  action 
of  acids,  of  bases  and  of  salts  upon  salts.  In  the  second  sec- 
tion the  author  applies  these  studies  to  definite  classes  of  salts: 
Nitrates,  chlorates,  sulphates  and  carbonates  are  the  series 
chosen. 

Those  not  accustomed  to  reading  French  books  on  inorganic 
chemistry  will  be  struck  by  the  fact  that  every  chemical  change 
is  expressed — every  equation  written — in  the  terms  of  Berthe- 
lot's  thermochemical  system,  and  that  no  mention  whatever  is 
made  of  ions  or  electrolytic  dissociation  in  the  first  volume, 
and  in  the  second  volume  in  two  places  only  ;  first  in  a  few 
absolutely  necessary  lines  to  explain  the  action  of  electric  cur- 
rents on  bases  and  salts,  and  second  in  the  admirably  clear 
chapter  on  the  action  of  water  on  salts,  which  includes  the 
properties  of  solutions.  Here  40  pages  are  given  to  the  work 
of  Faraday,  Raoult,  Coppet,  Arrhenius,  Jones,  Nernst,  Abegg 
and  lyoomis. 

Still  less  will  the  structural  chemist  find  his  accustomed 
diet.  In  the  chapter  on  sulphates  the  only  reference  to  the 
subject  of  water  of  crystallization  and  water  of  constitution,  or 
tetrahydroxylsulphuric  acid,  is  the  brief,  bald  statement,  with- 
out data,  that  water  combines  with  many  sulphates  to  form 
hydrates  which  lose  the  water  at  varying  temperatures,  leaving 
anhydrous  sulphates. 

It  is  instructive  to  see  how  nicely  a  structuralist,  an  ionist, 
or  a  thermochemist  can  severally  express  the  same  facts,  each 
ignoring  all  of  the  sacred  dogmas  of  the  other  two,  and  calling 
especial — often  exclusive — attention  to  those  properties  which 
are  brought  into  relief  by  his  views,  or  which  bring  his  views 
into  relief.  For  a  layman  the  thermochemical  view  is,  per- 
haps, the  easiest  of  the  three  to  crudely  understand,  on  ac- 
count of  the  incessant  harping  on  thermal  values  only.  This 
is  very  convenient  as  regards  this  book,  for  it  enables  the 
structuralist  or  ionist,  who  is  quite  unfamiliar  with  the  Berthe- 
lot  brand  of  thermochemistry,  to  get  at  the  more  important 
facts,  postponing  theories  until  some  one  of  his  own  school 
may  rewrite  the  material  in  terms  of  the  desired  theory. 

A  quotation  from  Vol.  II.,  page  3,   illustrates  the  French 
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point  of  view.     The   author  has  spoken  of  Gerhardt   and  his 
type  theory. 

"...  Following  the  discovery  of  the  poly  atomicity  of  phos- 
phoric acid,  glycerin,  the  sugars,  etc.,  Gerhardt's  disciples 
were  led  to  resurrect  the  theory  of  radicals,  treating  it  in  an 
extraordinary  way  ;  to  explain  this  curious  property  they 
imagined  the  existence  of  fictitious,  unsaturated  radicals — hy- 
droxyl,  carbonyl,  sulphuryl,  etc.,  and  soon  extended  the  idea 
of  saturation  or  atomicity  to  the  elements  themselves,  which 
were  classified  as  mono-,  bi-  and  triatomic.  Typical  formulas 
gradually  gave  place  to  so-called  constitutional  formulas,  in 
which  figure  imaginary  bonds  between  different  elements  and 
different  hypothetical  radicals. 

' '  The  formulas  of  salts  represent  nothing  further  than  one  of 
their  modes  of  generation. 

"  All  these  metaphysical  considerations  have  but  a  secondary 
interest  from  the  point  of  view  that  the  study  of  chemistry 
should  not  lie  in  discussing  properties  lying  outside  of  the 
ev  sphere  of  verified  observation  ....     No  method  of   writing 
(\  the  formula  of  a  salt  can  indicate  the  inner  structure,  for  this 
^  escapes  us,  if,  indeed,  it  exists.     A  salt,  like  any  other  object,  is 
^  a  form  of  matter — nothing  more,  nothing  less.     If  we  write 
^sulphate  of  zinc  SOgZnO,  we  are  expressing  the  fact  that  the 
f^  easiest  way  to  make  it  is  by  the  action  of  sulphuric  acid  on 
«  zinc   oxide  ;    and    when    we   write   SO3   sol.  +  ZnO    sol.    = 
V  SOg-ZflO  sol.  -f-  4i-3»  we  express,  apart   from  all  theory,  the 
Cl)    experimentally  proved  fact  that,  in   passing  from  the  system 
&j     formed  by  solid  sulphuric  acid  and  solid  zinc  oxide  to  the  solid 
V      sulphate  of  zinc,  one  must  modify  the   velocity  of  these  first 
^      two  forms  of  matter  so  as  to  make  them  lose  an  amount  of 
energy  measured  as  41.3  calories,  and   that,  in  consequence, 
the  sulphate  of  zinc  differs  from  the  mixture  of  acid  and  base 
solely  and  alone  by  this  loss  of  41.3  calories The  for- 
mula SO^Zn  expresses  the  fact  that  this  sulphate  may  be  made 
by  combining  sulphur,  oxygen  and  zinc  in  the  indicated  weight 
— proportions,  and  the  equation  S  -f  O^  +  Zn  =  SO^Zn  sol.  + 
229.6  expresses  the  experimentally  proved  fact  that  solid  sul- 
phate of  zinc  differs  from  the  system  which  represents  the  sum 
of  its  component  elements  solely  and  alone  through  a  loss  of 
energy  measured  by  229.6  calories." 

To  the  reviewer,  and  doubtless  to  others  trained  in  the 
Kekule  school,  such  ideas  are  unacceptable  and,  indeed,  re- 
volting ;  let  us  remember  that  the  French  chemist  finds  car- 
bonyl and  hydroxyl  revolting,  and  that  men  trained  to  think 
in  the  French  school  have  found  in  these  views  the  stimulus 
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to  work  of  the  very  highest  permanent  value.  To  us  there  is 
an  undoubted  benefit  in  approaching  a  known  subject  by  a 
new  road. 

In  these  volumes  of  Ditte  we  find  the  scholarly  treatment  of 
the  subject,  the  limpid  clarity  of  diction  and  the  complete 
literary  finish  which  we  have  learned  to  expect  from  men  of 
science  in  France.  E.  R. 

Laboratory  Experiments  to  Accompany  Outlines  of  Inorganic 
Chemistry.  By  Frank  Austin  Gooch,  Professor  of  Chemistry  in 
Yale  University,  and  Claude  Frederic  Walker,  Teacher  of  Chem- 
istry in  the  High  School  of  Commerce  of  New  York  City.  New  York  : 
The  Macmillan  Co.     1905.     Price,  50  cents. 

This  is  an  interleaved  manual  and  note-book  to  be  used  with 
Gooch  and  Walker's  "  Outlines  of  Inorganic  Chemistry," 
which  was  recently  reviewed.^  E.  R. 

Handbook  of  Metallurgy.  By  C.  Schnabel.  Translated  by  H. 
Louis.  Vol.  I.  London  and  New  York  :  Macmillan  &  Co.,  Limited. 
1905.     Price,  I6.50. 

In  the  study  of  non-ferrous  metallurgy  the  English-speaking 
student  has  always  been  at  a  disadvantage  in  comparison  with 
the  French,  and  especially  the  German,  in  that  he  had  to 
work  without  a  book  covering  the  subject  adequately.  As  the 
standard  German  handbook  of  the  late  Bruno  Kerl  appeared 
as  early  as  1881,  even  Germans  had  to  content  themselves  with 
the  smaller  publications  of  Balling  and  Pufahl  to  cover  the 
more  recent  developments  of  practice  until  Schnabel  published 
his  two- volume  "  Handbuch  der  Metallhiittenkunde"  in  1894 
and  1896.  This  was  translated  by  I^ouis  and  brought  out  in 
1898  and Of  this  revised  and  enlarged  German  edi- 
tion of  1 901-1903,  the  translation  of  Vol.  I.,  the  subject  of  the 
present  review,  has  been  again  brought  out  by  Louis.  It 
covers  the  metallurgy  of  copper,  lead,  silver  and  gold.  Vol- 
ume II.,  treating  of  the  minor  metals,  is  promised  for  1906. 
A  student  accustomed  to  follow  the  literature  of  non-ferrous 
metallurgy  fails  to  find  much  that  is  new  in  reading  Schnabel's 
manual  ;  on  the  contrary,  he  sees  little  more  than  what  he  has 
become  familiar  with  in  other  books.  While  this  is  a  disap- 
pointment, the  book,  nevertheless,  deserves  praise  because  the 
principles  of  the  various  processes  and  operations  are  brought 
out  clearly  and  their  applications  discussed  by  numerous  ex- 
amples from  practice.  The  matter  is  well  arranged,  classifica- 
tion has,  perhaps,  been  carried  a  little  too  far,  and  there  may 
be  too  much  repetition.  The  work  has  proved  itself  to  be  ac- 
ceptable and  to  meet  a  certain  demand,  as  is  shown  by  the  issue 

1  This  Journal,  34,  588  (1905). 
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of  a  new  edition  after  a  comparatively  short  interval  of  7 
years.  The  English  volume  has  grown  from  876  to  1090 
pages  ;  of  this  increase,  95  pages  fall  upon  copper,  27  upon 
lead,  45  upon  silver  and  57  upon  gold.  The  translation  is  all 
that  could  be  desired.  As  to  the  size  of  the  book,  it  appears 
to  be  too  short  to  be  exhaustive  and  too  long  to  represent  an 
ordinary  text  book.  Authoritative  criticism  could  not  well  be 
expected,  as  the  time  has  passed  when  a  single  author  could 
write  a  critical  handbook  on  non-ferrous  metallurgy.  The 
future  belongs  rather  to  the  compilers  who,  with  the  refer- 
ences, bring  together  all  available  facts  leading  to  the  first 
sources  of  information,  and  to  the  specialists  who  critically  re- 
view all  that  is  known  in  their  several  fields. 

The  German  book,  as  it  stands,  supplements,  to  a  certain  ex- 
tent, the  treatise  of  Kerl ;  the  translation,  representing  the 
only  work  of  the  kind,  has  the  field  to  itself. 

H.   O.  HOFMAN. 

Die  Mikroskopie  der  technisch  vervendeten  Faserstofee. 
Bearbeitet  von  Dr.  Franz  Ritter  v.  Hohnel.  2te  Auf.,  pp.  248,  mit 
94  Holzschnitten.     Wien  u.  Leipzig  :  Hartleben.     1905. 

The  first  edition  of  this  work,  which  appeared  in  1887,  was 
one  of  the  earliest  attempts  to  systematize  and  co-ordinate  the 
scattered  papers  bearing  upon  the  microscopic  characteristics 
of  those  fibers  having  industrial  uses,  and  included  the  indi- 
vidual investigations  of  the  author  himself.  These  had  largely 
extended  our  knowledge  of  the  subject  at  that  time,  but  the 
improvements  in  microscopical  methods,  together  with  the  ap- 
pearance of  various  new  fibers  in  the  arts  during  the  18  years 
since  the  earlier  edition,  has  made  an  extended  revision  neces- 
sary. The  use  of  polarized  light  and  the  study  of  the  dichro- 
itic  properties,  aided  by  more  numerous  and  better  methods  of 
staining,  have  added  materially  to  the  knowledge  of  the  struc- 
tural characteristics  of  many  fibers,  and  the  microscope  has  ac- 
quired increased  importance  in  the  technical  examination  and 
valuation  of  textile  and  other  products. 

The  subject  is  considered  under  three  heads  :  Vegetable 
Fibers,  Animal  Fibers,  Wool  and  Hairs  and  Silks.  In  the  6  pages 
of  introduction  the  scope  of  the  work  is  outlined,  and  notes  are 
given  concerning  the  necessary  instruments  and  reagents  re- 
quired for  the  study  of  fibers.  Then  follow  about  24  pages  of 
general  statements  concerning  vegetable  fibers,  their  morpho- 
logical character,  their  microchemical  and  microphysical  prop- 
erties, and  2  tables  showing  the  lengths  and  diameters  of  all 
the  common  vegetable  fibers.  In  the  next  section  the  general 
structure  of  wool  and  hair  is  considered,  together  with  the 
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methods  of  study  and  microchemistry  and,  lastly,  the  special 
examination  of  the  individual  species.  Some  15  animal  fibers 
are  described  and  illustrated.  The  chapter  on  silk,  following 
the  same  general  scheme  of  treatment,  consists  almost  wholly 
of  the  results  of  investigations  by  the  author,  previously  pub- 
lished, in  part,  in  "  Dingler's  polyt.  Journal,"  246,  465. 

The  author  holds  that  a  mere  description  of  a  fiber  is  not 
sufficient  to  identify  it  with  certainty,  the  real  distinguishing 
features  often  being  not  superficially  noticeable,  but  recogniza- 
ble only  by  careful  and  painstaking  comparisons.  The  precau- 
tions necessary  in  observation  and  treatment  of  fibers  under 
examination  are  clearly  set  forth,  with  descriptions,  illustra- 
tions and  comparisons  of  the  industrially  important  fibers. 
Throughout  the  entire  text  the  cuts,  94  in  number,  are  of 
noticeable  clearness  in  outline  and  detail,  and  appear  to  be  from 
drawings  made  from  the  camera  luctda.  But  the  clearness  and 
simplicity  of  the  camera  lucida  picture  is  rarely  observed  in  the 
actual  microscopic  field,  where  broken  and  crushed  particles  of 
fibers,  indefinite  masses  of  mucilaginous  or  protoplasmic  mat- 
ter, starch  granules,  epidermal  and  parenchyma  cell  tissue, 
lignified  tissue  and  other  bodies  often  become  disturbing  and 
obscuring  factors  in  the  study  of  the  particular  fiber  sought. 
With  the  great  improvement  in  modern  photographic  methods 
and  the  highly  finished  papers  of  to-day,  at  least  a  few  photo- 
micrographs and  illustrations  of  polarized  light  effects  would 
have  added  to  the  value  of  the  work.  The  book  will  be  of 
much  assistance  to  microscopists  and  chemists  having  to  deal 
with  textile  problems  involving  the  identification  of  fibers. 

F.  H.  Thorp. 

A  Text-book  of  Chemistry  for  the  Use  of  Students  and  Practi- 
tioners OF  Medicine,  Dentistry  and  Pharmacy.  By  William 
Russell  Jones,  M.D.,  Ph.G.,  Professor  of  Medical  Chemistry  and 
Toxicology,  and  Lecturer  on  Medical  Diagnosis  in  the  University  Col- 
lege of  Medicine,  Visiting  Physician  to  the  Virginia  Hospital,  Rich- 
mond, Virginia.  Illustrated.  Philadelphia  :  P.  Blakiston's  Son  &  Co. 
1905.     Price,  $2.50. 

This  volume  is  broad  in  scope.  An  introduction  on  the 
properties  of  matter  is  followed  by  a  section  on  physics,  55 
pages,  giving  elementary  notions  of  gravity,  heat,  light  and 
electricity.  Then  comes  chemical  philosophy,  23  pages;  inor- 
ganic chemistry  and  qualitative  analysis,  149  pages  ;  organic 
chemistry,  125  pages;  quantitative- analysis,  5  pages;  and 
physiological  chemistry,  70  pages  ;  a  total  of  448  pages. 

The  treatment  is  necessarily  brief  and  elementary,  but  it  is 
clear,  and  the  book  really  includes  what  is  necessary  for  den- 
tists and  pharmacists  and  for  the  average  student  of  medicine. 
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It  seems  to  the  reviewer  that  the  comprehensive  plan  of  the 
book  is  very  suitable,  and  that  the  chance  of  the  average  stu- 
dent acquiring  a  little  definite  knowledge  of  the  different  sub- 
jects is  greater  than  if  he  were  given  separate  text-books  con- 
taining matter  which  he  probably  could  not  understand  and 
certainly  could  not  master  in  the  time  available.  E.  R. 

Tkxt-book  of  Medical  and  Pharmaceutical  Chemistry.  By 
Elias  H.  BarTlEV,  B.S.,  M.D.,  Ph.G.,  Professor  of  Chemistry,  Toxi- 
cology and  Pediatrics  in  Long  Island  College  Hospital,  etc.  Sixth 
edition.  Philadelphia  :  P.  Blakiston's  Son  &  Co.  1906.  pp.  774. 
Price,  ^3.00  net. 

The  author  here  presents  a  work  dealing  with  the  entire 
field  of  chemistry — organic,  inorganic,  physiological  and  theo- 
retical. In  addition  to  this,  67  pages  are  devoted  to  elemen- 
tary physics.  Those  substances  of  medical  and  pharmaceutical 
interest  are  considered  in  greater  detail,  and  often  a  brief 
statement  of  the  physiological  action  is  given.  Under  the  im- 
portant poisons  the  symptoms,  antidotes  and  method  of  treat- 
ment are  detailed.  Several  errors  were  noted  in  the 
book.  Thus,  the  author  defines  an  atom  as  "  the  smallest 
conceivable  portion  of  matter. "  To  this  he  adds  the  correct 
definition,  but  the  student  would  have  already  received  the 
wrong  impression.  Again,  he  states  that  "  nitrogen  may  be 
tested  for  (in  organic  substances)  by  burning  the  substance  in 
air,  when,  if  nitrogen  be  present  in  more  than  traces,  it  will 
give  off  an  odor  like  burning  feathers  or  horn." 

The  arrangement  is  often  very  illogical  indeed.  Thus,  in 
the  part  on  organic  chemistry,  which  consists  of  about  200 
pages,  the  carbohydrates  are  considered  and  their  structure 
given  before  the  simple  aldehydes  and  ketones  have  been  de- 
scribed. The  work  may  be  of  value,  as  a  reference  book,  to 
physicians  and  pharmacists  who  must  be  satisfied  with  a  sin- 
gle book  on  all  chemical  matters.  a.  s.  i<. 
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THE  REACTION   OF  NITROUS   ANHYDRIDE  WITH 
ETHYL  MALONATE. 

By  Richard  Sydney  Curtiss. 

Many  years  ago  Conrad  and  BischoflF'  studied  the  reaction  of 
these  two  substances  in  the  presence  of  sodium  ethylate. 
They  passed  the  red  gases,  formed  by  the  action  of  nitric  acid 
and  arsenious  anhydride,  into  ethyl  malonate,  dissolved  in  alco- 
hol containing  i  atom  of  sodium.  When  the  solution  became 
saturated  with  the  gas  and  showed  only  a  slight  alkaline  reac- 
tion, they  precipitated  an  oily  product  by  diluting  it  with  water. 
They  attempted  to  purify  this  oil  by  washing  it  with  water 
and  subjecting  it  to  fractional  distillation  in  a  vacuum.  This 
process  decomposed  the  substance.  They  then  simply  washed 
the  oil  with  water  and  dried  it.  The  analytical  results  corre- 
spond well  with  the  formula  HON  :  ClCOjC.Hj),,  that  of  ethy 
isonitrosomalonate. 

They  found  the  yield  of  oil  variable  and  never  over  50  per 
cent  of  the  ethyl  malonate  used.  I  have  recently  had  occasion 
to  use  the  ketonic  ester,  ethyl  oxomalonate,  OCCCOjC^Hj),, 

1  Ann.  Chem.  (Liebig),  aop,  211. 
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and  the  related  crystalline  body,  ethyl  dihydroxymalonate, 
(HO)2C(C02C2H5)3,  in  considerable  quantities,  and  have  found 
the  older  methods  of  preparation  described  by  Beilstein^ 
very  costly  in  material,  time  and  labor.  The  following  pro- 
cedure overcomes  these  diflSculties  and  gives  a  yield  of  90-95 
per  cent  of  the  pure  esters,  with  very  little  expenditure  of  time 
or  material.  It  is  also  superior  to  the  methods  described 
more  recently  by  Bouveault  and  Wahl^  and  Schmidt.*  It  is 
somewhat  similar  to  the  above  process,  whereby  Conrad  and 
BischofiF  obtained  ethyl  isonitrosomalonate,  no  sodium  ethylate 
is  used,  however. 

The  so-called  nitrous  anhydride  was  generated  by  the  action  of 
warm  nitric  acid,  sp.  gr.  1.42,  on  arsenious  oxide,  conducted 
through  a  flask  to  condense  moisture  and,  without  drying, 
passed  in  a  rapid  stream  into  50  grams  of  ethyl  malonate,  at 
0°,  the  latter  substance  being  contained  in  a  distilling  flask, 
immersed  in  a  freezing  mixture.  The  gas  is  extremely  soluble 
in  the  liquid.  Very  little  heat  is  generated  in  the  Reaction. 
A  rapid  stream  of  the  gas  is  completely  absorbed  for  three 
quarters  of  an  hour.  The  operation  was  then  stopped,  58  grams 
of  gas  had  been  absorbed.  The  pale  blue  color  first  formed 
rapidly  changes  to  a  dark  green,  almost  opaque  at  the  last. 
The  flask  and  contents  are  allowed  to  remain  in  the  ice  mixture 
for  several  hours  at  0°,  then  to  slowly  assume  the  temperature 
of  the  room,  and  remain  thus  for  nearly  2  days,  at  23°-28*'. 
As  it  warms,  red  gases  are  slowly  evolved  ;  the  loss  in  weight, 
in  18  hours,  is  11  grams,  and  after  40  hours,  14  grams.  The 
total  weight  of  the  crude  green  oil  at  this  stage  is  94  grams. 
This  green  oil  consists  chiefly  of  the  anhydrous  and  hydrated 
mesoxalic  esters,  together  with  small  amounts  of  oxalic  acid 
and  ester,  acetic  acid  and  ester,  and  ethyl  isonitrosomalonate. 

At  this  point  the  process  may  be  varied  in  3  ways,  depend- 
ent on  the  product  wanted,  whether  ethyl  oxomalonate  (i), 
ethyl  dihydroxymalonate  (2),  or  the  free  mesoxalic  acid  (3). 

(i)  If  the  keto  ester,  ethyl  oxomalonate,  OCCCOOC^HJ,, 

1  "Beilstein's  Handb.  d.  org.  Chem."  I.,  788;  Sup.  I.,  371. 

2  Compt.  rend.,  137,  196. 

3  /did.,  140,  1400. 
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is  desired,  the  process  of  vacuum  distillation  is  used  on 
the  crude  oil.  As  the  pressure  is  reduced  the  excess 
of  red  gases  passes  off,  leaving  in  the  flask  a  straw  colored 
liquid,  which  distils  almost  entirely  without  destructive  de- 
composition or  darkening,  leaving  only  1-2  grams  of  thick, 
yellow  syrup  as  residue.  The  first  fraction  (10  grams), 
passing  over  from  52°  (70  mm.)  to  70°  (45  mm.)  con- 
tains a  little  water,  acetic  acid  and  some  esters.  Then 
the  distillate  ceases,  the  temperature  rises  regularly  from 
70°  to  about  120°;  around  125°  (70  mm.)  a  thick,  amber- 
colored  oil  distils  over,  together  with  a  little  water.  This  mix- 
ture crystallizes  in  the  receiving  tube  and  consists  of  ethyl  dihy- 
droxymalonate.  It  is  followed  by  the  anhydrous  ester,  ethyl 
oxomalonate.  This  substance  is  the  main  product  of  the  dis- 
tillation. It  passes  over  at  i26°-i33°  (42mm.-5omm.),  (un- 
corr.)  and  weighs  55-60  grams. 

(2)  If  the  crystallized  ethyl  dihydroxy malonate, 

(HO),C(COAH5)„ 
is  desired  it  may  be  readily  obtained  in  two  ways  : 

(a)  The  requisite  quantity  of  water  may  be  added  to  the 
above  distillate  of  pureethyl  oxomalonate.  Thiscauses  the  tem- 
perature to  rise  to  45°  ;  it  remains  there  while  the  liquid 
changes  to  a  solid,  crystalline  mass  of  beautiful  white  plates. 
This  is  pure  ethyl  dihydroxymalonate,  melting  at  57°. 

(&)  The  original  crude,  green  oil,  saturated  with  nitrous 
anhydride,  may  be  poured  into  a  large  crystallizing  dish  and 
left  exposed  to  the  air.  It  loses  thus  its  excess  of  absorbed 
gases,  while  it  takes  on  atmospheric  moisture,  rising  in  tem- 
perature thereby,  and  slowly  passes  into  a  crystalline  mass. 
This  also,  when  filtered  with  the  aid  of  a  pump  and  well 
washed  with  carbon  bisulphide,  is  practically  pure  ethyl  dihy- 
droxymalonate. It  was  recrystallized  from  ether,  dried 
quickly  in  a  vacuum  over  sulphuric  acid  and  analyzed  : 


Calculated  for 

(HO)2C(COjC2H6)2. 

Found. 
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H 

43-75 
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44.19 
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The  carbon  appears  somewhat  high,  owing  to  the  fact  that 
this  substance  loses  water  in  a  desiccator  and  changes  to  the 
ketonic  ester,  ethyl  oxomalonate, 

(3)  If  the  free  mesoxalic  acid  (HO),C(COOH),  is  desired, 
it  can  be  readily  made  from  the  crude  oil  as  follows  :  Twenty- 
five  cc.  of  this  oil  is  extracted  with  10  cc.  of  cold  water,  which 
dissolves  its  own  weight  of  soluble  products.  A  second  ex- 
traction is  made,  but  removes  little  soluble  matter.  This 
aqueous  extract  is  placed  in  a  crystallizing  dish  and  evaporated 
in  a  vacuum  desiccator,  over  sulphuric  acid.  A  dry,  crystal- 
line mass  of  mesoxalic  acid  remains.  This  substance  deli- 
quesces in  the  open  air,  changing  into  a  thick,  colorless  syrup. 
Placed  again  over  sulphuric  acid,  it  recrystallizes  in  the  forms 
characteristic  of  dihydroxymalonic  acid.  Its  identity  is  further 
shown  by  its  melting-point,  115°-!  16°,  its  ability  to  form  insolu- 
ble calcium ,  barium  and  silver  salts  and,  when  mixed  with  phenyl- 
hydrazine  and  acetic  acid,  it  yields  a  yellow  body,  which,  re- 
crystallized  from  alcohol,  agrees  in  its  melting  point,  160°, 
and  other  characteristics  with  the  phenyl  hydrazone  of  dihy- 
droxymalonic acid. 

There  is  much  that  is  misleading  in  the  literature  concern- 
ing ethyl  dihydroxymalonate.  The  following  properties  of 
this  substance  have  been  noticed,  in  addition  to  those  recorded 
by  Beilstein  : 

The  statement  is  made  by  this  author^  that  ethyl  dihydroxy- 
malonate is  insoluble  in  water.  Conrad  and  Briickner"  attribute 
this  erroneous  statement  to  W.  PetriefF,  and  refer  to  his  papers.' 
No  assertion  whatever  concerning  the  solubility  of  this  sub- 
stance is  there  made. 

On  the  contrary,  ethyl  dihydroxymalonate  is  extremely  sol- 
uble in  water  ;  i  gram,  at  22°,  dissolves  1.3  grams  of  the  sub- 
stance, accompanied  with  a  slight  lowering  of  the  temperature 
of  the  solution.  One  gram  of  ethyl  malonate  dissolves  0.6 
gram  of  the  crystals,  a  fact  which  has  a  decided  bearing  on 
the  above  method  of  separating  it  by  crystallization.  One  cc. 
of  benzene,  at  22*^,  dissolves  0.2  grams  of  the  ester.     It  is  also 

1  "  Handb.  der  Organ.  Chem.,"  I.,  788. 
«  Ber.  d.  ehem.  Ges.,  34,  3000. 
*Ibid.,  8,  730;  11,415- 
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easily  soluble  in  ether,  acetone,  chloroform  and  absolute  alco- 
hol. It  is  slightly  soluble  in  ligroin  and  insoluble  in  carbon 
bisulphide.  Pure  ethyl  dihydroxymalonate  is  volatile  in  air 
at  ordinary  temperatures,  and  especially  so  in  a  vacuum.  If  a 
film  of  it  be  left  on  a  watch-glass,  in  a  current  of  air,  it  disap- 
pears entirely  in  24  hours.  It  loses  water  in  a  desiccator, 
thereby  changing  to  an  oil,  but  it  is  quite  stable  in  moist  air 
at  ordinary  temperatures,  and  can  be  thus  kept  for  months 
without  decomposition.  Only  in  an  impure  form  does  it 
slowly  soften  and  liquefy.  It  can  be  distilled  under  reduced 
pressure  (40-50  mm.)  without  any  darkening  in  color,  or  any 
marked  decomposition  other  than  the  loss  of  a  molecule  of 
water  and  the  formation  of  the  ketone  form  of  the  ester. 

In  a  note^  on  the  subject  of  this  paper  the  more  recently  dis- 
covered reactions  which  produce  mesoxalic  esters  were  dis- 
cussed and,*  among  others,  that  of  Bouveault  and  Wahl,''  who 
produced  it  by  the  action  of  nitric  oxide  upon  ethyl  isonitroso- 
malonate.  They  had  also  noticed  that  the  latter  ester  was 
formed  by  the  action  of  nitric  oxide  upon  ethyl  malonate. 

At  the  time  that  the  above  note^  was  printed,  Schmidt,' 
carrying  out  the  ideas  of  Bouveault,  presented  to  the  French 
Academy  a  paper  describing  a  process  for  making  ethyl 
oxomalonate,  by  a  combination  of  these  two  reactions.  Nine 
hundred  grams  of  dry  sodium  nitrite  were  mixed  with  3000 
grams  of  sulphuric  acid,  below  0°.  The  resulting  nitrosyl- 
sulphuric  acid  was  decomposed  with  water,  aiid  the  nitric 
oxide  passed  into  a  mixture  of  200  grams  of  ethyl  malonate, 
in  acetic  anhydride.  The  process  was  continuous  for  several 
days,  then  the  liquid  was  distilled  in  a  vacuum.  A  65  per 
cent  yield  of  a  product  was  obtained,  which  had  a  boiling 
point  of  QS^-iSo"  (15-25  mm.)  and  was  called  "ethyl mesoxal- 
ate."  As  this  substance,  ethyl  oxomalonate,  boils  constantly  at 
i26®-i27°  (45  mm.)  (uncorr.),  the  above  product,  with  a  varia- 
tion of  boiling  point  of  about  25°  at  constant  pressure,  must 
consist  largely  of  other  substances.     The  yield  of  pure  ester  is 

1  This  journal,  33,  603. 

2  Compt.  rend.,  137,  196. 
*  Ibid.,  140,  1400. 


482  Curtis  s. 

not  given,  nor  that  of  the  crystals  of  ethyl  dihydroxymalonate, 
which  form  in  the  oil. 

The  process  described  in  the  present  paper  requires  but  2-3  hours 
of  the  chemist's  time,  and  gives  a  yield,  on  the  ethyl  malonate 
used,  of  90  per  cent  or  more  of  pure  ethyl  dihydroxymalonate 
(m.  p.  57°-58°) .  If  desired,  the  yield  can  be  raised  above  95 
per  cent  by  repeating  the  process  on  the  small  amount  of  oil 
filtered  off  from  the  crystalline  product. 

The  action  of  nitrous  anhydride  on  ethyl  malonate  gives 
other  products,  in  quantities  varying  widely  with  the  condi- 
tions of  temperature,  moisture,  degree  of  saturation  with  the 
gas  and  time  of  reaction. 

Experiments  in  which  a  little  water  was  added  to  the  ethyl 
malonate  and  the  gas  then  passed  at  0°  and  allowed  to  stand  a 
few  days,  gave  a  considerable  quantity  of  acetic  acid  and  ester. 
Oxalic  acid  crystallized  out  from  the  aqueous  liquid  at  the 
bottom  of  the  flask.  The  effect  was,  therefore,  saponification 
of  the  malonic  ester,  loss  of  carbon  dioxide  and  decomposition 
of  ethyl  mesoxalate,  with  formation  of  oxalic  acid. 

This  change  of  ethyl  oxomalonate  to  oxalic  acid  takes  place 
slowly  in  the  mixture,  even  in  the  absence  of  any  considerable 
quantity  of  water,  as  shown  by  the  following  experiment :  A 
loosely  covered  cylinder  containing  21  cc.  of  ethyl  malonate, 
was  saturated  with  the  gas  and  placed  in  the  window  in  the 
sunlight.  Crystals  of  oxalic  acid  began  to  deposit  within  a 
week.  It  was  allowed  to  stand  there  8  months  and  slowly  lost 
gas  during  the  entire  time.  The  volume  of  oil  decreased  50 
per  cent  and  was  filled  to  the  surface  with  balls  of  needle- 
shaped  crystals.  The  various  tests  applied  showed  these  to 
be  oxalic  acid. 

If  the  ethyl  malonate  is  only  partially  saturated  with  nitrous 
anhydride,  ethyl  isonitrosomalonate  is  present  in  considerable 
quantity,  just  as  Conrad  and  Bischoff^  discovered,  when  work- 
ing with  ethyl  malonate  in  the  presence  of  sodium  and  alcohol. 
Twenty-five  grams  of  nitrous  anhydride  were  dissolved  in  50 
grams  of  ethyl  malonate,  by  passing  the  gas  into  the  ester  at 
0°,  for  one-half  hour.     It  then  stood  32  hours  at  the  ordinary 

1  Ann.  Chem.  (I<iebig),  aop,  211. 
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temperature.  The  initial  blue  color  of  the  oil  had  changed  to 
a  pale,  greenish  yellow,  and  its  weight  was  now  reduced  to  65 
grams.  Further  exposure  to  the  air  caused  but  slight  loss  in 
weight.  In  a  short  time  17  grams  of  crystals  of  ethyl  dih)^- 
droxymalonate  were  deposited.  Twenty-eight,  grams*  of  the 
mother  liquor  from  these  crystals  were  mixed  with  an  equal 
volume  of  ether  and  washed  with  a  few  cc.  of  cold  water,  then 
with  a  saturated  solution  of  sodium  carbonate  to  alkaline  reac- 
tion. The  excess  of  alkali  was  removed  entirely  by  water. 
The  oil  (A)  which  remained,  after  drying  with  calcium  chlor- 
ide and  evaporating  off  the  ether  in  a  vacuum  at  40°,  was  pale 
green,  weighed  29  grams  and  had  a  fragrant,  though  rather 
pungent  odor,  resembling  that  of  brominated  fatty  esters.  It 
was  slightly  acid  to  litmus.  This  oil  appears  to  be  chiefly 
ethyl  isonitrosomalonate. 

This  oil,  11.35  grams,  was  treated  with  12.5  cc.  of  alcohol 
(96  per  cent),  which  contained  i  mol.  of  potassium  hydroxide. 
The  alkali  was  added  slowly  and  the  temperature  kept  down 
to  — 10°.  A  yellow  salt  precipitated  at  once  and  was  quite  pure. 
If  precipitated  at  ordinary  temperatures  gases  are  evolved  and 
the  product  is  impure.  After  standing  15  minutes,  the  cold 
mixture  was  filtered  by  means  of  a  pump,  washed  well  with 
alcohol  and  then  with  ether  ;  3.85  grams  of  salt  were  thus  ob- 
tained. The  yield  is  larger  if  absolute  alcohol  is  used,  as  it  is 
quite  soluble  in  95  per  cent  alcohol  and  especially  so  in  water. 
The  salt 'was  twice  recrystallized  from  hot,  95  per  cent  alcohol. 
It  separates  out  on  cooling  in  long,  greenish-yellow  needles. 
After  drying  in  a  vacuum,  over  sulphuric  acid,  it  was  analyzed. 
Potassium  was  determined  as  sulphate. 


Calculated  for 
)N  :  C(C02C2H6)2. 

I. 

Found. 

II. 

17.19 

17.72 

17.62 

K 

The  salt  dissolves  easily  in  cold  water,  giving  a  yellow  solu- 
tion ;  it  is  fairly  soluble  in  hot  alcohol,  slightly  soluble  in 
acetic  ester,  but  insoluble  in  ligroin,  chloroform  and  carbon 
bisulphide.  Silver  nitrate  precipitates  from  its  aqueous  solu- 
tion a  beautiful  yellow  silver  salt,  which  soon  darkens  in  the 
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light.  Copper  acetate  gives  a  flocculent  precipitate,  soluble 
on  dilution  with  water. 

The  potassium  salt,  placed  in  a  melting  point  tube,  in  a  bath 
at  185°,  slowly  darkens  in  color  ;  heated  rapidly  it  contracts 
and  decomposes,  with  frothing,  at  i95°-200°.  If,  however,  the 
dry  salt  be  heated  carefully  in  a  test  tube  it  reddens  on  the 
edges  and  suddenly  explodes,  with  a  flash  of  purple  flame. 

Conrad  and  Bischoff^  confirm  Baeyer's'  observation  that  iso- 
nitrosomalonic  acid,  in  aqueous  solution,  is  decomposed  at  40**, 
giving  hydrocyanic  acid,  carbon  dioxide  and  water. 

I  have  been  unable  to  obtain  any  test  for  hydrocyanic  acid 
from  the  saponified  ester,  or  from  the  products  of  the  explo- 
sions of  its  potassium  salt. 

Attempts  to  make  a  sodium  salt  by  the  action  of  a  40  per 
cent  aqueous  solution  of  sodium  hydroxide  on  a  concentrated, 
ethereal  solution  of  the  oil  (A)  gave  no  precipitate,  owing  to 
the  great  solubility  of  this  salt.  On  evaporating  the  solutions 
over  sulphuric  acid,  however,  a  canary-yellow  salt  slowly  crys- 
tallized out.  It  was  not  further  purified.  Neither  could  this 
salt  be  precipitated  by  the  use  of  sodium  hydroxide,  dissolved 
in  absolute  alcohol. 

Concentrated,  aqueous  ammonium  hydroxide  placed  on  the 
oil  (A)  gives  a  yellow  solution,  which,  on  evaporation  in  the 
air,  deposits  yellow  crystals  in  the  form  of  needles.  This  salt 
is  unstable  and  soon  turns  red.  Aniline  reacts  with  the  oil, 
giving  a  product  which  crystallizes  in  needle  forms  and  is 
slightly  soluble  in  alcohol  and  ligroin. 

By  neutralizing  the  sodium  carbonate  solution,  which  had  been 
used  in  washing  and  purifying  the  above  oil  (A),  with  hydro- 
chloric acid,  6  grams  of  a  yellow  acid  oil  were  obtained.  This 
was  taken  up  in  ether,  the  ether  evaporated  and  the  residual 
oil  dried  over  sulphuric  acid  and  solid  potassium  hydroxide. 
During  the  process  of  desiccation  the  alkali  is  coated  bright 
yellow  by  some  volatile  substance. 

A  concentrated  potassium  hydroxide  solution  precipitates 
this  oil,  almost  completely,  in  the  form  of  a  yellow  potassium 

1  Ann.  Chem.  (Liebig),  209,  211. 
^  Ibid.,  131.  293- 
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salt.  A  slight  ammoniacal  smell  is  apparent  and  the  gas  given 
off  turns  red  litmus  paper  blue.  The  oil  also  forms  a  green 
copper  salt  with  copper  acetate  solution.  It  was  not  further 
studied,  but  was  assumed  to  be  ethyl  isonitrosomalonate. 

The  reaction  of  nitrous  anhydride  on  methyl  malonate  will 
be  studied  to  see  if  it  will  give  an  equally  satisfactory  yield  of 
methyl  oxomalonate,  thereby  removing  these  substances  from 
the  list  of  rare  and  expensive  preparations,  which,  hitherto, 
could  only  be  procured  when  specially  made  to  order  by  Kahl- 
baum  and  others  in  Germany. 

It  might  be  mentioned  that  the  above  method  of  making 
ethyl  hydroxymalonate  furnishes  an  admirable  experiment  for 
a  laboratory  class  in  organic  chemistry,  while  illustrating  the 
rare  exception  to  the  general  rule  that  a  carbon  atom  can  hold 
but  one  hydroxyl  group,  and  that  stability  of  the  molecule, 
dissociation  and  association,  are  largely  questions  of  tempera- 
ture. 

The  pure,  colorless  crystals  of  ethyl  dihydroxymalonate, 
placed  in  a  dry  test  tube,  need  but  be  heated  to  their  melt- 
ing point,  57°,  when  the  elements  of  water  dissociate, 

i >C(COOR), 

jHiO/ 

which  fact  becomes  at  once  apparent  as  the  drops  of  water 
condense  in  the  upper,  cold  part  of  the  test  tube.  There  is  a 
very  marked  change  from  the  thin,  colorless  liquid  first  formed, 
on  melting,  to  a  green  oil,  ethyl  oxomalonate,  which  remains 
at  the  bottom  of  the  tube.  If,  now,  the  test  tube  be  cooled, 
closed  with  a  rubber  stopper  and  tilted  so  that  the  two  liquids 
come  in  contact,  they  reunite,  there  is  an  immediate  loss  of 
the  green  color,  the  temperature  rises  sharply  and,  on  touching 
the  colorless  syrup  on  the  sides  with  a  glass  rod,  a  remarkably 
beautiful  and  rapid  crystallization  starts  and  passes  through- 
out the  whole  inner  surface  of  the  tube,  yielding  again  the 
original  crystalline  mass.  This  experiment  can  be  rapidly  re- 
peated many  times  with  the  same  sample  of  substance. 

The  preparation  also  furnishes  an  interesting  example  of  a 
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ketonic  ester  in  its  reaction  with  aniline,  with  which  it  readily 
yields  ethyl  dianilinomalonate,  (CgH5NH),C(COOR)2,  a  sub- 
stance crystallizing  in  beautiful  rosettes  of  colorless  needles. 

In  studying  the  action  of  phenylhydrazine  on  ethyl  oxotnal- 
onate  it  has  been  noticed  that  it  does  not  give  the  expected 
yellow  crystalline  phenylhydrazon  as  does  the  free  acid,  and 
also  the  acid  ester,  but  yields  an  amber-colored  oil  which  has 
acid  properties. 

A  canary-yellow  potassium  salt  has  been  made  from  this  oil 
by  treatment  with  alcoholic  potassium  hydroxide.  This  salt 
is  stable  in  dry  air  but  is  dissociated  by  water,  yielding  the 
original  acid  oil.     These  reactions  are  being  investigated. 

Urbana,  III., 
Feb.  28,  1906. 


FURTHER  INVESTIGATIONS  OF  THE  TWO  CHLOR- 
IDES OF  ORTHOSUEPHOBENZOIC  ACID.^ 

By  Philip  H.  Cobb. 

The  earlier  investigations  of  the  two  isomeric  chlorides  of 
orthosulphobenzoic  acid  have  left  a  number  of  points  unset- 
tled and  it  was  in  the  hope  of  clearing  up  some  of  these  that, 
at  the  suggestion  of  President  Remsen,  I  undertook  the  work, 
an  account  of  which  is  given  in  this  article. 

/.  The  Action  of  Hydrochloric  Acid  on  Organic  Anhydrides. 

The  action  of  alcohols  on  the  low-melting  chloride,  in  the 
cold,  has  been  shown  to  consist  in  the  formation  of  symmetrical 
ester  chlorides,  a  fact  which,  taken  by  itself,  would  be  a 
strong  argument  for  the  symmetrical  structure  of  the  chloride. 
In  the  light  of  the  other  evidence,  however,  it  is  plain  that 
this  reaction  is  not  decisive,  and  in  view  of  the  fact  that  all  of 
the  distinguishing  reactions  show  that  the  low-melting  chlor- 
ide is  unsymmetrical,  there  must  be  some  other  explanation  for 
the  peculiar  action  of  alcohol.  It  is  always  possible  to  assume 
a  molecular  rearrangement,  but  a  more  satisfactory  hypothesis 

1  From  the  author's  dissertation  submitted  June,  1905,  to  the  Board  of  University- 
Studies  of  the  Johns  Hopkins  University,  in  conformity  with  the  requirements  for  the 
degree  of  Doctor  of  Philosophy. 
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was  suggested  by  Remsen.^  The  suggestion  is  this  :  When 
ethyl  alcohol  is  allowed  to  act  upon  the  low-melting  chlor- 
ide, the  first  step  in  the  reaction  would  naturallybe  the  substi- 
tution of  two  ethoxy  groups  for  the  chlorine  atoms,  thus  : 

CCl 
CJi/       %0  +  2C,H,0H     = 

/C(OC,H,),. 

CeH/  }0  +  2HCI. 

\so, ^ 

The  anhydride  might  then  take  up  hydrochloric  acid, 

CeH,/  >0  +  HCl     -     C3H/ 

\S0, /  \S0,C1 

and  the  product  thus  formed  would  lose  alcohol  and  pass  into 
the  ester  chloride  : 

/C(OC,H,),OH  /COOC.H, 

CeH,/  =     C,H/  H-C,H,OH. 

\so,ci  ^SO.Cl 

In  order  to  test  this  view  experimentally,  the  action  of  dry 
hydrochloric  acid  on  various  organic  anhydrides  was  tried. 
Experiments  of  this  kind  have  already  been  made  with  acetic," 
benzoic,^  benzoic-acetic*  and  some  other  acids,  but  no 
experiments  with  the  anhydrides  of  dibasic  acids  or  inner 
anhydrides  have  been  recorded.  It  appears  that  the  an- 
hydrides of  monobasic  acids  react  readily  with  dry  hydro- 
chloric acid.  Attention  was  now  turned  to  the  inner  anhy- 
drides. 

From  the  experiments  performed  it  is  evident  that  the  anhy- 
drides of  the  dibasic  acids  studied  do  not  react  with  dry  hydro- 
chloric acid,  while  those  of  monobasic  acids  are  easily  at- 
tacked. Therefore  the  formation  of  symmetrical  ester  chlor- 
ides, by  the  action  of  alcohol  on  the  low-melting  chloride,  does 
not  seem  to  be  dependent  upon  the  presence  of  hydrochloric 

1  This  Journal,  30,  247. 

2  H.  Gal  :  Ann.  Chim.  Phys.,  [3],  66,  187. 

8  Mosling  :  Ann.  Chem.  (I,iebig),  118,  303. 
*  Green  :  Bull.  Soc.  Chim.,  33,  426. 
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acid.  The  formation  of  symmetrical  esters  by  the  action  of 
sodium  ethylate  upon  the  low-melting  chloride  also  seems  to 
furnish  an  argument  against  this  explanation, 

II.  The  Action  of  Alcohols  and  Alcoholates  on  the  Chlorides. 

The  action  of  alcohols  upon  the  chlorides  has  been  previously 
studied  in  this  laboratory/  as  well  as  elsewhere,^  and  it  has  been 
shown  that  the  first  products  formed  are  ester  chlorides  which, 
upon  further  action  of  the  alcohol,  are  transformed  into  the 
ester  acids : 

.CCl,. 
I.  C,U/         >0  +  C,H,OH     = 

\so/ 

.COOC,H, 
QH,/  +  HCl ; 


11.  C,h/  +  C,H,OH 

^S0,C1 


^SO.Cl 


C,H  /  +  HCl ; 

\SO,OC,H, 


/ 


COOC.H, 


III.  C,H/  +  C,H30H     = 


^S0,0C,H5 


C,H  /  +  (C,H,),0. 

\SO,OH 


With  the  low-melting  chloride  the  ester  chloride  is  easily 
formed,  while  its  isomer  is  only  slowly  attacked  by  cold  alco- 
hol. 

The  work  along  this  line  was  continued  by  R.  M.  Bird,^ 
who  studied  the  action  of  the  alcoholates  as  well.  A  brief 
summary  of  his  results  is  as  follows  :  The  low-melting  chlor- 
ide, when  dissolved  in  cold  methyl  alcohol,  passed  into  the 
orthosulphone  chloride  and  methyl  benzoate.     Upon  evapora- 

1  Remsen  and  Dohme  ;  This  Journal,  ii,  341.  Remsenand  Karslake:  Ibid.,  18, 
825. 

*  I«ist  and  Stein  :  Ber.  d.  chem.  Ges.,  31,  1659. 
»  This  Joornal,  30,  247. 
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ting  the  solution  the  substance  separated  in  small,  diamond- 
shaped  crystals  which  melted  at  57°-58°  (corr.)-  They  were 
soluble  in  alcohol  and  ether,  but  insoluble  in  water.  Cold  di- 
lute sodium  hydroxide  did  not  affect  the  substance,  but  upon 
boiling  it  dissolved  and  chlorine  was  removed. 

When  the  low-melting  chloride  was  dissolved  in  methyl 
alcohol  and  the  alcohol  immediately  boiled  off,  the  orthosul- 
phonic  acid  of  methyl  benzoate  was  obtained.  Another  prod- 
uct of  this  reaction  was  an  oil  which  was  shown  to  contain 
chlorine,  and  to  it  was  assigned  the  formula  of  the  orthosul- 
phone  chloride  of  methyl  benzoate  above  described.  It  is,  how- 
ever, not  stated  that  the  oil  became  crystalline. 

The  orthosulphone  chloride  of  ethyl  benzoate  was  obtained 
by  treating  the  dry,  low-melting  chloride  with  an  alcoholic  solu- 
tion of  sodium  ethylate,  until  no  more  sodium  chloride  was  pre- 
cipitated. Upon  extraction  with  ether  and  evaporation  of  the 
solvents,  an  oil  remained  which  was  insoluble  in  water,  but 
soluble  in  alcohol  and  ether.  When  boiled  with  water  it  was 
hydrolyzed  to  an  acid  and  hydrochloric  acid  was  liberated. 
Treament  with  ammonia  yielded  the  orthosulphone  amide  of 
ethyl  benzoate. 

What  was,  apparently,  the  same  oil  was  obtained  by  treating 
an  alcoholic  solution  of  sodium  ethylate  with  an  ethereal  solu- 
tion of  the  low-melting  chloride.  As  a  by-product  of  this  re- 
action another  oil  was  obtained  which  answered  the  descrip- 
tion of  the  diethyl  ester  of  orthosulphohenzoic  acid  obtained  by 
Remsen  and  Dohme.'  It  was  soluble  in  water,  alcohol  and 
ether,  and  contained  no  chlorine. 

By  this  same  treatment  and  2  hours'  standing  before  exam- 
ining the  products,  the  sodium  salt  of  the  formula, 

/COOC.H, 

\SO,ONa 

was  formed. 

A  slightly  warm  solution  of  1.070  grams  of  sodium  ethylate, 
in  absolute  alcohol,  was  gradually  added  to  1.996  grams  of  the 
low-melting  chloride,  in  ethereal  solution.     The  reaction  pro- 

i  This  Journal,  11,  332. 
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gressed  until  oije-half  of  the  ethylate  had  been  added,  when  it 
suddenly  stopped  and  could  be  induced  to  go  no  further.  The 
resulting  product  was  an  oil.  With  dry  ammonia,  crystals 
were  produced  which  melted  at  225°-226°.  They  were  acid 
toward  litmus  and  potassium  carbonate.  The  crystals  gave  a 
product  with  a  sweet  taste  when  boiled  with  concentrated  am- 
monia, as  also  did  the  oil  when  treated  in  the  same  manner. 
Upon  boiling  the  oil  with  water  it  was  hydrolyzed  to  an  acid. 
No  formula  was  assigned  to  the  substance. 

An  excess  of  ethyl  alcohol  was  added  to  the  low-melting 
chloride  and  boiled  for  35  minutes.  There  resulted  noth- 
ing but  a  neutral  oil,  which  was  soluble  in  water,  alcohol 
and  ether  ;  it  contained  no  chlorine.  Upon  boiling  with 
sodium  hydroxide,  ethyl  alcohol  was  formed.  The  formula 
assigned  was  that  of  the  diethyl  ester, 

/COOC.Hj 

\SO,OC,H, 

None  of  the  compounds  above  described,  with  the  exception 
of  the  orthosulphone  chloride  of  methyl  benzoate  and  the 
sodium  salt  of  ethyl  orthosulphobenzoate,  were  analyzed.  Cer- 
tain considerations  made  it  seem  well  to  repeat  the  work  : 

1.  The  formation  of  ester  chlorides  by  the  action  of  sodium 
ethylate  on  the  chlorides,  and  the  impossibility  of  causing  the 
reaction  to  go  further. 

2.  The  solubility  of  the  so-called  diethyl  esters  in  water. 

3.  The  production  of  a  substance  of  acid  reaction  by  boiling 
with  ammonia. 

4.  The  impossibility  of  obtaining  the  ester  of  a  sulphonic 
acid  by  boiling  its  chloride  with  alcohol.  Sulphonic  acid  es- 
ters are  saponified  by  this  process. 

Action  of  Methyl  Alcohol  on  the  Low-Melting  Chloride. — Ten 
grams  of  the  low-melting  chloride  were  dissolved  in  30  or  40  cc. 
of  cold  methyl  alcohol,  and  the  solution  allowed  to  stand  2 
hours.  At  the  end  of  that  time  the  alcohol  was  evaporated  by 
warming  the  solution  and  drawing  air  through  it.  When  the 
proper  concentration  had  been  reached,  very  small,  diamond- 
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shaped  crystals  separated  from  the  solution.  The  evaporation 
was  continued  until  no  more  crystals  deposited,  when  they 
were  filtered  off"  and  washed  with  water  to  remove  the  alcohol 
and  hydrochloric  acid  which  is  formed  in  the  reaction.  The 
substance  agreed  in  most  of  its  properties  with  that  pre- 
pared by  Bird.  It  is  soluble  in  alcohol  and  ether,  but  insolu- 
ble in  water.  Cold  alkali,  whether  concentrated  or  dilute,  has 
no  effect  upon  the  compound,  but  on  boiling  it  dissolves  and 
chlorine  is  removed.  The  melting-point,  63°-64°  (uncorr.), 
is  rather  higher  than  that  given  by  Bird,  but  it  is  probable 
that  his  material  was  somewhat  impure,  since  his  figures  differ 
considerably  from  the  calculated  values. 

Analysis^  : 

0.1062  gram  substance  gave  0.1592  gram  CO^  and  0.0276 
gram  H^O. 

0.2354  gram  substance  gave  0.2401  gram  BaSO^  (Carius). 

To  determine  the  chlorine  the  substance  was  saponified  by 
heating  with  pure  sodium  hydroxide  and  titrated  to  neutrality 
with  nitric  acid.  The  chlorine  was  then  determined  with  a 
o.  I  N  solution  of  silver  nitrate.  Sodium  chrom ate  was  used 
as  the  indicator  :  • 

0.1835  gram  substance  required  7.8  cc.  o.  i  N  AgNOj. 


Calculated  for 
COOCH3 

'^^''^Xso.ci    • 

Found. 

c 

H 
CI 

40.90 
301 

15-11 

40.88 

2.92 

15-06 

s 

13.66 

14.00 

The  reaction 

is  to  be 

expressed  as 

follows  : 

/CCU  /COOCH, 

C,H  /         >0  +  CH3OH     =     C,H  /  +  HCl. 

\so,/  \S0,C1 

The  action  of  boiling  ethyl  and  methyl  alcohols  has  been 
fully   investigated   by  former   workers.^     The   reaction  with 

1  The  method  employed  for  the  determination  of  carbon  and  hydrogen  was  that 
described  by  Morse  and  Taylor:  This  Journal,  33,  591.  See  also  L.  S.  Taylor,  Dis- 
sertation, J.  H.  TT.,  1905. 

2  Remsen  and  Dohme  :  This  Journal,  ii,  341.  Remsen  and  Karslalce  :  Ibtd.,  18, 
825. 
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methyl  alcohol  was  repeated  and  the  product  was  found  to  be 
the  ester  acid.  No  trace  of  the  oil  containing  chlorine,  as  de- 
scribed by  Bird,  was  obtained.  The  analogous  reactions  with 
ethyl  alcohol  have  already  been  given. 

Action  of  Methyl  Alcohol  on  the  High-Melting  Chloride. — On 
the  high-melting  chloride  the  alcohols,  in  general,  react  with 
less  ease  than  upon  the  low-melting  chloride.  Upon  boiling, 
however,  the  ester  acids  are  also  produced. 

By  boiling  either  chloride  with  95  per  cent  ethyl  alcohol  for 
some  hours,  Bird  obtained  an  acid  of  which  the  barium  salt 
contained  from  28  to  29.5  per  cent  of  barium.  Humphreys^ 
had  already  obtained  the  same  acid  by  boiling  the  orthosul- 
phone  chloride  of  phenyl  benzoate  for  12  hours,  in  absolute 
alcohol. 

In  the  course  of  the  present  investigation  the  reaction  de- 
scribed by  Bird  was  repeated,  with  the  hope  of  obtaining  some 
light  on  the  composition  of  this  acid.  Five  grams  of  the  high- 
melting  chloride  were  boiled  for  13  hours  with  absolute  ethyl 
alcohol .  The  formation  of  ethyl  chloride  was  continuous.  After 
the  reaction  was  over  the  alcohol  was  distilled  off,  and  the  re- 
maining hydrochloric  acid  was  expelled  by  heating  on  the 
water-bath.  The  product  was  dissolved  in  water,  filtered  from 
the  small  insoluble  residue  and  boiled  with  barium  car- 
bonate until  no  more  was  dissolved.  After  crystallization  the 
salt  was  dried  and  analyzed  for  barium  ;  0.1800  gram  of  sub- 
stance gave  0.868  gram  BaSO^.  Found  :  Ba,  28.37  per  cent. 
This  was  evidently  the  same  acid  that  had  been  obtained  by 
Humphreys  and  Bird.  Since  no  formula  could  be  assigned  to 
the  substance  from  the  analysis  of  its  barium  salt,  an  effort  was 
made  to  learn  its  structure  in  another  way.  The  experiment 
was  repeated  with  an  equal  quantity  of  the  chloride  and  the 
barium  salt  prepared  as  before.  This  was  converted  into  the 
sodium  salt  and,  after  evaporating  to  dryness,  the  salt  was 
treated  with  phosphorus  pentachloride.  Reaction  took 
place  immediately.  After  heating  some  time  to  expel  the 
oxychloride,  water  and  ice  were  added  and  the  material  was 
ground  until  all  traces  of  the  oxychloride  had  been  removed. 

1  Dissertation,  J.  H.  U.,  1900. 
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After  washing  several  times  with  water,  strong  ammonia  was 
added  and  the  mixture  was  warmed  on  the  water-bath.  The 
solutions  became  sweet  and,  with  hydrochloric  acid,  gave 
a  heavy  precipitate  of  saccharin.  This  experiment 
pointed  to  the  presence  of  orthosulphohenzoic  acid.  The 
following  considerations  lead  to  the  same  conclusion  :  The 
action  of  boiling  alcohol  on  the  chlorides  is  known  to  produce 
the  ester  acid.  Further  action  of  the  alcohol  yielded  the  un- 
identified acid.  The  action  of  alcohol  on  the  phenyl  ester 
chloride  must  first  convert  it  into  the  ester  acid.  Upon 
further  boiling,  the  unidentified  acid  was  also  formed.  These 
facts  show  that  a  change  in  the  carboxj'l  group  must  have 
taken  place.  The  action  of  phosphorus  pentachloride,  already 
referred  to,  showed  the  acid  to  be  dibasic.  The  ethyl  esters  of 
carboxyl  acids  are  not  saponified  by  absolute  alcohol,  however, 
and  a  special  reason  must  be  sought  in  this  case.  It  has  been 
stated  that  ethyl  chloride  was  formed  constantly  and  for  every 
molecule  of  ethyl  chloride  i  molecule  of  water  must  have  re- 
sulted. The  tendency  of  the  water  should  be  to  saponify  the 
ester  and  there  would  result  an  equilibrium  between  orthosul- 
phohenzoic acid  and  the  ester  acid.  In  the  experiments  per- 
formed by  Bird  he  obtained  the  acid  after  boiling  with  95  per 
cent  alcohol  for  3  hours,  while  in  the  experiments  last  de- 
scribed it  was  necessary  to  heat  with  absolute  alcohol  for  13 
hours.  Providing  that  all  of  the  hydrochloric  acid  formed  in 
this  reaction  reacted  with  the  alcohol,  then,  for  every  molecule 
of  chloride  used,  enough  water  would  be  formed  to  saponify  2 
molecules  of  the  ester  acid.  The  presence  of  the  alcohol 
would  cause  an  equilibrium  to  exist  between  the  ester  acid  and 
orthosulphohenzoic  acid.  It  appears,  therefore,  that  the  salt 
containing  about  28  per  cent  barium  is  probably  a  mixture  of 
a  salt  of  orthosulphohenzoic  acid  and  a  salt  of  the  ester  acid. 

///.  Action  of  Sodium  Ethylate  on  the  Chlorides. 

High-Melting  Chloride. — Five  grams  of  the  high-melting 
chloride  were  dissolved  in  dry  ether  and  an  alcoholic  solution 
of  sodium  ethylate  was  gradually  added  until  the  reaction 
ceased.     The  experiment  is  best  carried  out  in  a  bottle,  which 
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may  be  corked  and  well  shaken  from  time  to  time,  because  the 
precipitated  sodium  chloride  is  voluminous  and  interferes  with 
the  reaction.  In  no  case  were  less  than  2  molecules  of  ethylate 
required.  The  action  never  stopped  half  way,  and  the  addi- 
tion of  an  excess  of  ethylate  was  often  found  necessary  in 
order  that  the  reaction  might  be  complete.  After  the  action 
was  over,  the  resulting  mixture  was  poured  into  a  separating- 
funnel  containing  acidulated  water.  The  contents  were  thor- 
oughly shaken  until  the  sodium  chloride  and  excess  of  ethylate 
were  dissolved,  when  the  aqueous  layer  was  run  off.  The 
ethereal  layer  was  washed  several  times  with  water,  then  re- 
moved and  dried  over  calcium  chloride  for  12  hours.  After 
filtration  and  evaporation  of  the  ether  an  oil  remained  which 
was  soluble  in  alcohol  and  ether,  but  insoluble  in  water.  It 
was  neutral  to  litmus.  Various  methods  for  its  purification 
were  tried,  but  none  was  successful  until  distillation  under  re- 
duced pressure  was  employed.     Analysis  : 

0.1540  gram  substance  gave  0.2899  gram  COj  and  0.0738 
gram  H^O. 

0.3493  gram  substance  gave  0.3243  gram  BaSO^. 


Calculated  for 
/COOC2H5 

\sO2OC2H5 

Found. 

c 

51.12 

51-33 

H 

5.47 

5-37 

S 

12.41 

12.74 

These  values  point  conclusively  to  the  formula  of  the  diethyl 
ester.  It  boils  at  2i2°-2i3°  (21  mm.).  At  this  pressure 
the  ester  distils  with  very  little  decomposition.  It  should 
be  allowed  to  stand  after  distillation,  for  some  hours, 
as  a  few  crystals  of  sulphobenzoic  anhydride  usually  separate. 
They  can  be  removed  by  filtration.  At  a  greater  pressure, 
however,  the  ester  distils  with  much  decomposition.  Among 
the  products  formed  are  sulphobenzoic  anhydride  and  ethyl 
benzoate.  The  former  was  identified  by  its  melting  point 
(i29°.5),  and  by  its  conversion  into  sulphonefluorescein  when 
fused  with  resorcinol.  The  ethyl  benzoate  was  detected  by  its 
odor.     The  reaction  is  expressed  by  the  equation  : 
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XOCl  /COOC.H^ 

CjH/  +  sNaOC.Hg     =     CeH/  +  2NaCl. 

\S0,C1  \S0,0C,H, 

The  yield  of  ester  by  this  method  was  always  small.  The 
fact,  established  by  Bird,  that  when  the  mass  is  allowed  to  stand 
a  salt  of  the  formula, 

.COOC.Hj 


SO.ONa 

is  formed,  suggested  the  explanation  of  the  small  yield.  The 
alcohol  used  as  the  solvent  for  the  ethylate  would  tend  to 
saponify  the  ester,  and  the  acid  thus  formed  would  be  con- 
verted into  its  sodium  salt  by  the  action  of  the  ethylate.  To 
test  this  point  the  experiment  was  repeated  as  above,  except 
that  no  alcohol  was  used,  the  ethylate  being  added  in  the  dry 
state  to  the  ethereal  solution  of  the  chloride.  The  yield  of 
ester  was  almost  theoretical.  No  sulphone  chloride  was  ob- 
tained in  the  experiments. 

Upon  boiling  the  impure  ester  with  ammonia  a  sweet  compound 
was  usually  produced,  and  sometimes  a  precipitate  of  saccharin 
appeared  upon  acidification.  No  such  reaction  takes  place  • 
with  the  pure  ester,  however.  Furthermore,  the  impure  ester 
always  gives  a  test  for  chlorine,  while  the  pure  substance  is 
entirely  free  from  it.  These  facts  show  that  a  small  quantity 
of  unchanged  chloride  is  usually  present  in  the  impure  ester. 
They  also  tend  to  explain  certain  observations  made  by  Bird, 
which  have  already  been  referred  to. 

It  is  a  fact  that  the  action  of  ammonia  upon  the  ester  pro- 
duces a  substance  which  has  an  acid  reaction.  The  ester  is 
boiled,  with  frequent  additions  of  concentrated  ammonia,  until 
it  dissolves.  This  operation  requires  half  an  hour  or  longer. 
The  solution  is  then  evaporated  to  the  proper  concentration 
and  allowed  to  cool.  If  the  ammonia  gas  has  all  been  expelled 
from  the  solution,  the  acid  ammonium  salt  of  orthosulphoben- 
zoic acid  separates.  A  determination  of  the  nitrogen  in  the  salt 
showed  this  to  be  the  case. 

0.1097  gram  substance  gave  0.006858  gram  N  (absolute). 
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Calculated  for 
.COOH 
CeH4<  .  Found. 

\sO2ONH4 

N  6.40  6.25 

In  order  to  obtain  confirmatory  evidence,  if  possible,  a  quan- 
tity of  the  acid  ammonium  salt  of  orthosulphobenzoic  acid, 
which  had  been  made  by  the  hydrolysis  of  saccharin,  was  dis- 
solved in  an  excess  of  strong  ammonia  and  the  solution  evapo- 
rated. After  the  odor  of  ammonia  had  disappeared  the  solu- 
tion was  found  to  have  become  acid  and  crystals  of  the  acid 
ammonium  salt  were  obtained  upon  further  evaporation.  Am- 
monium sulphobenzoate  was  found  to  behave  in  the  same  way. 
The  reactions  must  be  expressed  as  follows  : 


I.  CjH/  +  NH.OH 


^SO^OC.H^ 


COOC.Hs 


C,H  /  +  C,H,OH  ; 


*\ 


SO.ONH, 


/COOC.H^ 
II.  CeH,<  +  NH.OH     = 

^SO.ONH, 

/CONH, 
C,HX  +C,H,OH  +  H,0; 

\SO,ONH, 

/CONH,  /COONH, 

III.  C,H  /  +  H,0     =     C«H / 

^SO.ONH,  \SO,ONH, 

/COONH, 

IV.  CgH/  on  further  heating     = 

^SO.ONH, 

/COOH 
C,H  ,<  +  NH3. 


'\SO,ONH, 

With  saponifying  agents,  the  first  point  of  attack  is  the  sul- 
phonic  acid  group.  With  aqueous  alkali  the  ester  is  only 
slowly  changed  owing  to  its  insolubility  in  water,  but  when 
alcoholic  alkali  is  employed  the  reaction  proceeds  with  ease. 
The  final  product  of  the  action  of  alkalis  is  the  neutral  salt  of 
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orthosulphobenzoic  acid.  Aqueous  ammonia  acts  more  easily 
than  aqueous  alkali. 

Low-Melting  Chloride. — The  action  of  sodium  ethylate  on  the 
low-melting  chloride  also  results  in  the  formation  of  the  di- 
ethyl ester.  The  ester  agrees  in  all  its  properties  with  the  one 
prepared  from  the  high-melting  chloride.     Analysis  : 

0.1537  gram  substance  gave  0.2863  gram  CO,  and  0.0794 
gram  H^O. 


Calculated  for 
/COOCH, 

\SO0OC2H5 

Found. 

c 

H 

51.12 

5-47 

51.46 

5-86 

I 


The  reaction  was  tried  under  various  conditions,  an  alco- 
holic solution  of  sodium  ethylate  was  added  to  the  dry  chloride  ; 
the  chloride,  in  ether,  was  treated  with  an  alcoholic  solution  of 
the  ethylate,  and,  finally,  dry  ethylate  was  added  to  an  ethereal 
solution  of  the  chloride.  The  last  was  found  to  be  the  most 
satisfactory  method. 

The  neutral  oils  soluble  in  water,  which  are  described  by 
Bird,  have  not  been  obtained. 

On  grinding  together  dry  sodium  ethylate  and  dry,  low- 
melting  chloride.  Bird  obtained  a  product  that  he  was  not  able 
to  identify.  The  reaction  is  explosive  and  difl&cult  to  control. 
Furthermore,  more  or  less  decomposition  takes  place.  On  re- 
peating the  reaction  the  substances  were  mixed,  in  very  small 
portions,  in  a  large  test-tube  and  stirred  with  a  glass  rod. 
After  the  reaction,  water  and  ether  were  added  and  the  tube 
was  shaken.  The  ether  was  found  to  contain  a  little  oil  in  a 
very  impure  state  and  in  quantity  insufficient  for  distillation. 
It  was  neutral  and  insoluble  in  water,  however,  and  there  seems 
to  be  no  reason  for  doubting  that  it  was  the  diethyl  ether. 

IV.  Action  of  Benzene  and  Aluminium  Chloride. 

The  action  of  benzene  on  the  chlorides,  in  the  presence  of 
aluminium  chloride,  was  first  studied  by  Remsen  and  Saunders.^ 

1  This  Journal,  17,  347. 
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They  showed  that  the  high-melting  chloride  reacts  to  form,  as 
the  final  product,  orthobenzoyldiphenylsulphone,  as  follows  : 

/COCl  /COQH, 

C,H  /  +  2C,H,     =     C,H  /  +     2HCI. 

\S0,C1  ^SO.CeH, 

This  substance  melts  at  183°-! 84°,  In  studying  the  reac- 
tion with  a  mixture  of  the  two  chlorides,  by  far  the  largest 
portion  of  the  product  was  the  same  substance.  They  ob- 
tained simultaneously,  however,  another  compound,  melting 
at  i62°-i63°.  Analysis  showed  it  to  be  of  the  same  empirical 
formula  as  the  first  one,  but  its  conduct,  when  fused  with 
potassium  hydroxide,  led  them  to  assign  to  it  the  formula 
of  the  lactone. 


^SO, / 

In  their  article  upon  the  chlorides  of  orthosulphobenzoic 
acid,  List  and  Stein^  also  describe  the  substance.  They  ob- 
tained it  by  the  action  of  benzene  and  aluminium  chloride  upon 
the  mixed  chlorides.  The  reaction  was  allowed  to  proceed  at 
the  ordinary  temperature  for  some  days,  after  which  the  mixture 
was  warmed  for  a  time.  The  substance  dissolved  in  boiling, 
alcoholic  potassium  hydroxide  with  the  formation  of  a  potas- 
sium salt  of  the  formula 

.C(C,H,),OH 

Upon  treatment  with  acids  the  lactone  was  recovered. 

Since  it  has  been  possible  to  isolate  the  low-melting  chloride 
in  a  pure  condition,  many  attempts  have  been  made  to  prepare 
this  substance.  None  of  them  has  been  successful,  the  sole 
product  of  the  reaction  being  always  the  symmetrical  com- 
pound, orthobenzoyldiphenylsulphone,  identical  with  that  de- 
rived from  the  high-melting  chloride. 

The  writer  made  several  attempts  to  obtain  the  lactone  by 
the  action  of  benzene  and  aluminium  chloride  upon  the  low- 

1  Ber.  d.  chem.  Ges.,  31,  1648. 
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melting  chloride,  but  always  without  success.  The  reaction 
was  allowed  to  take  place  at  the  room  temperature,  during  a 
period  of  3  or  4  days,  and  also  at  the  temperature  of  a  boiling 
water-bath,  when  it  is  complete  in  a  short  time.  Finally,  a  mix- 
ture of  60  per  cent  of  the  low-melting  chloride  and  40  per  cent  of 
the  high-melting  chloride  was  dissolved  in  pure,  dry  benzene, 
and  aluminium  chloride  was  added  from  time  to  time.  The 
reaction  was  allowed  to  proceed  at  the  room  temperature.  The 
resulting  product  was  found  to  be  symmetrical  however,  no 
trace  of  the  lactone  being  formed.  The  proportion  of  the  two 
chlorides  taken  is  about  that  in  which  they  occur  in  the  mix- 
ture which  is  obtained  by  the  action  of  phosphorus  pentachlor- 
ide  on  the  acid  potassium  salt.  It  was  with  this  mixture  that 
lyist  and  Stein  obtained  their  results. 

From  the  experiments  of  former  workers,  as  well  as  from 
those  last  recorded,  it  would  seem  doubtful  if  the  product  first 
described  by  Remsen  and  Saunders,  and  later  by  I^ist  and 
Stein,  was  in  reality  the  lactone  as  supposed.  A  substance 
has  been  obtained  by  another  method,  however,  and  will  be 
described  presently,  which  analysis  shows  to  be  the  lactone 
and  which,  moreover,  agrees  with  the  description  of  the  lac- 
tone made  as  above.  Such  being  the  case,  the  conclusion 
must  be  that  the  action  of  benzene  and  aluminium  chloride 
has,  in  two  instances  at  least,  given  the  lactone.  From  the 
failure  of  other  workers  to  obtain  it,  it  is  evident  that  peculiar 
conditions  must  be  necessary  to  its  formation. 

V .  Experiments  with  Thionyl  Chloride. 

Since  the  methods  which  are  employed  for  the  preparation 
of  the  chlorides,  especially  in  the  case  of  the  low-melting  one, 
fail  to  give  satisfactory  yields,  it  seemed  desirable  to  try 
the  action  of  thionyl  chloride  on  both  the  acid  and  neutral 
salts,  in  the  hope  that  this  reagent  might  give  better  results 
than  the  pentachloride  or  oxychloride  of  phosphorus. 

Ten  grams  of  the  dried  and  finely  pulverized  neutral  potassium 
salt  of  orthosulphohenzoic  acid  were  placedin  a  smallballoonflask, 
and  an  equal  weight  (2.5  mol.)  of  thionyl  chloride  was  added. 
The  flask  was  fitted  to  a  return  condenser,  which  was  provided 
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at  its  upper  end  with  a  Peligot  tube  containing  a  strong  solu- 
tion of  sodium  hydroxide,  to  absorb  the  sulphur  dioxide  which 
was  given  off.  The  reaction  started  without  the  application  of 
heat,  but  did  not  become  vigorous.  At  the  temperature  of  the 
boiling  water-bath,  however,  it  progressed  rapidly.  The 
heating  was  continued  until  no  more  sulphur  dioxide  was 
liberated,  about  45  minutes  being  required.  During  the  prog- 
ress of  the  reaction  the  mass  became  more  and  more  viscous, 
until  at  the  end  the  appearance  had  become  like  that  of  thick 
starch  paste.  The  condenser  was  then  reversed  and  the  ex- 
cess of  thionyl  chloride  was  distilled  off.  This  process  was 
much  facilitated  by  slightly  diminishing  the  pressure.  After 
the  removal  of  the  excess  of  thionyl  chloride,  the  mass  became 
crystalline.  It  was  removed  from  the  flask  and  ground  in  a 
mortar -with  water  containing  ice,  and  then  poured  into  a  sepa- 
rating funnel  and  shaken  with  ice-water  and  ether.  A  portion 
of  the  material  did  not  immediately  go  into  solution  but  dis- 
solved gradually,  as  the  shaking  was  continued.  After  removing 
the  ethereal  layer  it  was  examined  with  the  expectation  of 
finding  one  or  both  of  the  chlorides  of  orthosulphobenzoic 
acid.  All  that  was  obtained,  however,  was  a  small  quantity 
of  the  anhydride  of  orthosulphobenzoic  acid  which  had  es- 
caped hydrolysis  in  the  treatment  with  water.  A  portion  of 
this  material,  which  did  not  dissolve  readily,  was  filtered  off 
and  examined.  It  was  found  to  contain  potassium  and  chlor- 
ine, and  to  show  an  acid  reaction  with  litmus.  On  boiling 
with  water  it  was  dissolved  and  hydrochloric  acid  was  formed. 
A  small  quantity  was  dried  on  a  porous  plate  and  placed  in  a 
desiccator  over  sulphuric  acid.  It  was  hoped  in  this  way  to 
obtain  a  specimen  for  analysis  in  fairly  pure  condition,  but 
upon  opening  the  desiccator,  some  hours  later,  fumes  of  hydro- 
chloric acid  escaped,  showing  that  the  substance  had  been  hy- 
drolyzed.  No  further  effort  was  made  to  obtain  the  pure  com- 
pound, but  its  composition  was  shown  by  another  method. 

The  reaction  between  the  neutral  salt  and  thionyl  chloride 
was  repeated  in  the  manner  above  described,  but  after  distil- 
ling off  the  excess  of  the  latter,  absolute  alcohol  was  added  and 
the  mixture  boiled.     At  the  end  of  an  hour  the  alcohol  was 
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filtered  off.     Upon  cooling,  crystals  separated  in  the  form  of 
thin    leaves,    these   were    removed   and  analyzed    for   potas- 
sium : 
0.1050  gram  substance  gave  0,334  gram  KjSO^. 

Calculated  for 
.COOCjHg 
CsH4^  .  Found. 

\SO3OK 

K  14.59  14.28 

The  yield  of  these  crystals  was  only  about  0.5  gram,  show- 
ing that  the  reaction  had,  for  the  most  part,  progressed  beyond 
the  first  stage.  That  even  a  small  quantity  of  this  salt  was 
obtained,  however,   points  conclusively  to  the  presence  of  a 

yCOCl 

compound  of  the  formula  CgH^<^  .     That  the  structure 

\SO,OK 
of  this  monochlorinated  derivative  of  the  neutral  potassium  salt 
is  that  which  has  been  assigned  to  it,  rather  than  that  of  the 

/COOK 
isomeric  sulphone  chloride,  OJil/  ,  is  evident  from  the 

^SO.Cl 
fact  that  it  is  converted  into  an  ester  upon  boiling  with  alco- 
hol,   a    reaction   which    does    not   occur  with   the   sulphone 
chlorides. 

The  formation  of  the  anhydride,  then,  takes  place  in  two 
stages,  the  first  product  being  a  monochlorinated  derivative 
which  passes  into  the  anhydride  by  loss  of  potassium  chloride  : 

/COOK 


I.  C,H/  +  SOCl,     = 

\SO,OK 

.COCl 

H-  SO,  4-  KCl  ; 
^SO.OK 


/COICI  /CO. 

II.  QH,/       ^1      -t-  CeH  /        >0  +  KCl. 

\so,o|k  ^so/ 

The  next  experiment  was  performed  with  the  intention  of 
determining  whether  or  not  the  anhydride  could  profitably  be 
prepared  by  this  method.     Thirty-four  grams  of  the  neutral 
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potassium  salt  were  treated  with  a  large  excess  (5  or  6  mols.) 
of  thionyl  chloride  and  heated  on  the  water-bath  until  no  more 
sulphur  dioxide  escaped.  About  one  hour  was  required. 
The  excess  of  thionyl  chloride  was  then  distilled  oflF  and  the 
residue  in  the  flask  was  extracted  with  dry  benzene.  Only  7 
grams  (31  per  cent)  of  the  anhydride  were  obtained,  however. 
It  is  probable  that  if  the  heating  had  been  allowed  to  proceed 
longer,  the  yield  would  have  been  larger,  but  the  ex- 
periment was  not  repeated  with  the  neutral  salt,  since  the  acid 
salt  was  found  to  give  much  more  satisfactory  results. 

The  final  experiment  with  the  neutral  salt  was  an  attempt  to 
prepare  a  chloride  of  orthosulphobenzoic  acid.  Twenty  grams 
of  thionyl  chloride  were  poured  into  a  Carius  tube,  an  equal 
weight  of  the  neutral  salt  added  and  a  thorough  mixture 
made.  After  heating  at  125",  for  13  hours,  the  tube  was 
opened  and  found  to  contain  anhydride,  but  no  chloride  was 
present.  In  order  to  isolate  the  chloride,  if  formed,  the  reac- 
tion mixture  was  shaken  with  water,  ice  and  ether.  Since  the 
greater  part  of  the  anhydride  was  hydrolyzed  by  this  process, 
the  quantity  formed  was  not  determined. 

Experiments  with  the  Acid  Salt. — Both  the  neutral  and  acid 
potassium  salts  of  orthosulphobenzoic  acid  are  attacked  with 
about  the  same  ease  by  thionyl  chloride.  With  the  acid  salt 
the  reaction  takes  place  with  the  formation  of  hydrochloric 
acid,  showing  that  the  point  of  attack  is  the  carboxyl.  With 
the  acid  salt,  as  with  the  neutral,  no  chloride  was  obtained 
either  under  the  ordinary  pressure  or  in  a  sealed  tube.  As  a 
method  of  preparing  the  anhydride,  ho  we  ver,  the  action  of  thionyl 
chloride  was  found  to  be  very  satisfactory.  Two  experiments 
were  conducted  ;  in  the  first,  10  grams  of  the  acid  salt  were 
heated  on  the  water-bath  with  a  large  excess  of  thionyl  chlor- 
ide. The  reaction  was  complete  in  45  minutes.  After  dis- 
tilling ofiE  the  excess  of  thionyl  chloride,  the  residue  was  ex- 
tracted with  dry  benzene.  Four  grams  of  the  anhydride  were 
obtained,  which  corresponds  to  a  yield  of  52  per  cent. 

The  second  experiment  was  conducted  with  somewhat  larger 
quantities.     Twenty-seven  grams  of  the  acid  salt  were  heated 
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on  the  water-bath  with  56  grams  of  thionyl  chloride.  The 
volatile  reaction  products  ceased  to  escape  in  about  an  hour, 
but  the  mixture  was  heated  for  1.5  hours  longer,  and  was  then 
treated  in  the  usual  way.  Sixteen  and  five-tenths  grams  (80 
per  cent)  of  the  anhydride  were  obtained. 

In  order  to  get  the  best  results,  it  has  been  found  advisable 
to  use  a  large  excess  of  thionyl  chloride,  by  so  doing  the 
mixture  remains  in  a  semi-liquid  state,  and  better  contact  is 
secured.  It  is  also  advisable  to  heat  for  an  hour  or  two  after 
the  volatile  reaction  products  have  ceased  to  escape.  The 
thionyl  chloride  recovered  is  quite  pure  and  may  be  used 
again. 

The  results  of  these  experiments  indicate  that  the  normal 
reaction  of  chlorinating  agents  on  both  the  acid  and  neutral 
salts  is  the  formation  of  a  monochlorinated  derivative  contain- 
ing the  chlorine  in  combination  with  the  carbonyl.  This 
passes  into  the  anhydride  by  the  loss  of  potassium  chloride. 
The  formation  of  the  two  dichlorides  of  orthosulphobenzoic 
acid  remains  to  be  explained.  In  the  preparation  of  the  high- 
melting  chloride,  about  60  per  cent  of  the  low-melting  chlor- 
ide is  also  produced.  When  the  neutral  salt  is  treated  in  the 
same  manner  a  mixture  is  also  obtained.  In  this  case  the 
chlorinating  agent  is  phosphorus  pentachloride.  On  the 
other  hand,  in  the  preparation  of  the  low-melting  chloride 
by  the  action  of  phosphorus  oxychloride  on  the  neutral  salt, 
practically  none  of  the  high-melting  chloride  is  formed.  The 
formation  of  the  high-melting  chloride,  then,  is  favored  by  the 
action  of  a  powerful  chlorinating  agent. 

lyist  and  Stein^  have  shown  that  the  action  of  phosphorus 
pentachloride  on  the  anhydride,  at  high  temperatures,  gives  rise 
to  the  formation  of  both  chlorides.  For  the  sake  of  compari- 
son, the  action  of  the  oxychloride  upon  the  anhydride  was 
tried.  Twelve  grams  of  the  anhydride  were  heated  for  14 
hours  with  phosphorus  oxychloride,  at  125°.  At  the  end  of 
that  time  the  mixture  was  examined  and  it  was  found  that, 
while  the  reaction  was  by  no  means  complete,  about  2  grams 
of  the  low-melting  chloride  had  been  formed.     It  was  identi- 

1  Ber.  d  chem.  Ges.,  31,  1659. 
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fied  by  its  melting  point.  In  order  to  test  for  the  presence  of 
high-melting  chloride,  ammonia  was  added  but  no  sweet  taste 
was  produced.  The  action  of  phosphorus  pentachloride  prob- 
ably takes  place  as  follows :  The  anhydride  is  first  formed 
and  it  is  attacked  in  two  ways  by  the  pentachloride,  with  the 
formation  of  two  isomeric  substances.  The  action  of  the  oxy- 
chloride  can  take  place  in  only  one  way,  however,  since  only 
one  product  is  formed.  If  the  action  of  the  oxychloride  were 
not  considered,  one  might  assume  that  with  the  pentachloride 
the  reaction  all  goes  in  one  direction,  and  that  a  rearrange- 
ment takes  place.  The  fact  that  neither  chloride  can  be 
changed  into  the  other  by  heat,  also  argues  against  the  latter 
supposition.  The  pentachloride,  then,  must  have  the  power 
to  chlorinate  both  the  carbonyl  group  of  the  anhydride  and 
also  to  replace  the  anhydride  oxygen  atom.  It  would  be  ex- 
pected that  the  latter  reaction  would  take  place  with  the 
greater  diflSculty  and,  as  already  stated,  the  yield  of  high- 
melting  chloride,  when  prepared  from  the  acid  salt,  is  only  40 
per  cent  of  the  total.  The  oxychloride  can  only  attack  the 
carbonyl  group,  while,  ashasbeen  shown,  thionyl  chloride  does 
not  react  with  the  anhydride  : 


Ch/        >0  +  PCI, 


^SO,' 


/' 


/CCl,. 
/COCl 

L       \so,ci 


/CO.  /CCU 

CeH,<        >0  +  P0Cl3    ^^     C«h/  \0. 

VI.  Experiments  with  Magnesiumphenyl  Bromide. 

Action  on  the  High-Melting  Chloride. — With  the  high-melt- 
ing chloride  magnesiumphenyl  bromide  reacts  only  at  the  boil- 
ing point  of  ether,  while  with  the  low-melting  chloride  the  reac- 
tion is  so  violent  that  the  solutions  must  be  cooled  with  ice  and 
mixed  very  slowly.  The  resulting  products  are  very  difficult  to 
purify.     In  the  case  of  the  high-melting  chloride  the  product 
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has  been  fully  identified,  while  with  the  low-melting  chloride 
satisfactory  results  have  not  been  obtained. 

Ten  grams  of  the  high-melting  chloride  were  dissolved  in 
dry  ether,  and  to  the  solution  an  ethereal  solution  of  3,5  mole- 
cules of  magnesiumphenyl  bromide  was  added.  The  mixture 
was  boiled  for  an  hour  or  two  until  the  oily  substance  which 
settled  to  the  bottom  of  the  flask  did  not  increase  in  quantity. 
At  this  point  the  ether  above  the  oil  had  become  clear.  The 
ether  was  then  poured  off  and  the  residue  in  the  flask  was 
shaken  with  water  and  dilute  hydrochloric  acid.  After  the  de- 
composition had  been  effected,  the  resulting  oil  was  allowed  to 
settle  and  the  water  and  acid  were  poured  off.  It  was  washed 
with  several  changes  of  water.  Steam  was  then  conducted 
into  the  flask  to  remove  any  brombenzene  which  might  have 
been  present.  After  many  unsuccessful  attempts  to  purify 
this  oil,  the  following  method  was  found  satisfactory  :  The  oil 
was  allowed  to  stand  under  water  for  a  week  or  more.  At  the 
end  of  this  time  it  had  usually  solidified,  for  the  most  part.  It 
was  then  heated  to  boiling  with  methyl  alcohol  and  the  alcohol 
poured  off  while  still  hot.  This  treatment  removed  the  un- 
solidified  portion.  The  solid  remaining  was  then  crystallized 
from  ethyl  alcohol.  The  oil  is  easily  soluble  in  alcohol  and 
ether.  After  solidification,  however,  it  is  soluble  in  these 
liquids  with  much  greater  difl&culty. 

The  product  which  had  been  crystallized  from  alcohol  melted 
at  i83°-i84°.  It  is  not  affected  by  alcoholic  potassium  hy- 
droxide. With  concentrated  nitric  and  sulphuric  acids  a  dark 
red  color  is  produced,  an  indication  of  the  carbinol  condition. 
Analysis  : 

0.1284  gram  substance  gave  0.3509  gram  CO,  and  0.0603 
gram  H^O. 

0.2146  gram  substance  gave  0.1268  gram  BaSO^  (Carius). 

Calculated  for 
.C(C6H5)jOH 
CjHi^;  .  Found. 

C  74-95  74-52 

H  504  5.26 

S  8.00  8.11 

The  reaction  must  be  represented  as  follows  : 
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/COCl 
I.  C«H,<  +  3CeH,MgBr     = 

\S0,C1 

.C(C,H,),OMgBr 
CeH/  +  2MgBrCl  ; 

/C(C,H,),OMgBr 
II.  CeH/  +  H,0     = 

C^H  /  +  Mg(OH)Br. 

The  structure  of  this  substance  was  established  by  treating 
orthobenzoyldiphenylsulphone  with  magnesiumphenyl  bro- 
mide. The  product  thus  obtained  melted  at  the  same  temper- 
ature, and  the  melting  point  of  a  mixture  of  the  two  prepa- 
rations remained  unchanged.     Analysis  : 

0-1378  gram  substance  gave  0.3783  gram  CO^  and  0.0661 
gram  H^O. 

Calculated  for 

C(C6H5)20H 

C6H4f  .  Found. 

^SO^CfiHs 

C  74.95  74.86 

H  5.04'  5-37 

The  reaction  is  represented  by  the  equations  : 

/COC.H,  /C(C,HJ,OMgBr 

I.  CeH,<  +  C^H.MgBr  =  C,h/  ; 

/C(C,H,),OMgBr 
II.  CeH  /  +  H,0     = 

^SO.CeH, 

.C(C,H,),OH 
C,H  /  +  Mg(OH)Br. 

Action  on  Sulphobenzoic  Anhydride. — The  reaction  of  mag- 
nesiumphenyl bromide  on  sulphobenzoic  anhydride  was  tried, 
in  the  hope  of  obtaining  a  diphenylated  derivative.  This 
product  was  obtained  and  has  been  referred  to  under  the  reac- 
tion  of    benzene   and   aluminium   chloride.      The    action   is 
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vigorous,  and  the  solutions  should  be  cooled  with  ice.  After 
standing  some  time,  water  and  sulphuric  acid  were  added  and 
the  contents  of  the  flask  were  well  shaken  with  ether.  Upon 
examination  of  the  ethereal  layer  a  product  was  obtained  which, 
when  crystallized  from  alcohol,  melted  sharply  at  163°  (un- 
corr.).  It  dissolved  in  alcoholic  potassium  hydroxide,  on  boil- 
ing, with  the  formation  of  a  salt  soluble  in  water.  Upon  acidi- 
fication the  original  substance  was  precipitated.  Neither 
water  nor  aqueous  potassium  hydroxide  would  dissolve  the 
substance  even  when  boiled.     Analysis  : 

0.1070  gram  substance  gave  0.2772  gram  COj  and  0.0447 
gram  H,0. 

0.2056  gram  substance  gave  0.1564  gram  BaSO^  (Carius). 


Calculated  for 

Found. 

c 

H 

70.76 
4-38 

70.64 
4.68 

S 

9-95 

10.40 

The  reaction  may  be  expressed  as  follows  : 

I.  C,h/        >0  +  C,H,MgBr     = 

/C(QH,)OMgBr. 

^•<o. >■' 

.CCC^HJOMgBr. 
II.  C,h/  No  +  QH^MgBr     = 

SOj 

/C(C,H,),OMgBr 
CeH/  ; 

^SO.OMgBr 

.C(C«H,),OMgBr 
III.  C,h/  +  2H,0     = 

^SO.OMgBr 

X(C,H,),OH 
CeH/  +2Mg(0H)Br; 

\S0,0H 
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IV.  C,H ,<                            =     CeH  /  >0  +  H,0. 

\SO,OH  \S0, / 

The  substance  just  described  is  formed  to  the  extent  of  only 
about  ID  per  cent.  It  is  probable  that  the  reaction,  in  the 
main,  stops  at  stage  I.  The  product  would  then  be  hydrolyzed 
yCOC.H, 

^SO.OH 


to  form  the  acid,  CJi/  ,  as  follows 

\c 


/C(C«H,)OMgBr. 
I.  CeH/  >0  +  H,0    = 


^so,- 


Mg(OH)Br  +  C,H, 


^CCQHJOH^ 


\so,- 


/C(CeH,)OH.  /C(OH),C,H, 


II.  C,H  /  }0  +  H,0   =   C,H,. 

/C(0H)AH5  /COCeH, 

III.  CeH,<  =     QH,/  +  H,0. 

\SO,OH  \SO,OH 

This  compound  is  not  of  any  special  interest  and  no  attempt 
was  made  to  separate  it.  Since  the  substance  is  soluble  in  water, 
it  did  not  appear  in  the  ethereal  extract  of  the  products. 

Johns  Hopkins  University. 


NOTE   ON    "THE    ESTIMATION    OF    OPALESCENT 
SIIyVER  CHIvORIDE  PRECIPITATES." 

By  Roger  Clark  Wells. 

In  the  article  by  me  in  the  February  number  of  this  Jour- 
nal, there  was,  I  regret  to  state,  an  incorrect  conclusion.  In 
trying  to  estimate  the  magnitude  of  possible  error  upon  the  de- 
termination of  the  atomic  weight  of  sodium  due  to  time  effects 
in  nephelometry,  I  based  my  reasoning  upon  the  behavior  of 
intense  opalescences,  whereas,  really,  only  weak  opalescences 
were  concerned.  Professor  Richards,  to  whom  I  had,  unfor- 
tunately, not  presented  the  paper  for  preliminary  reading,  im- 
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mediately  called  my  attention  to  this  and  I  am  very  glad  to 
correct  it.  It  results,  therefore,  that  the  correction,  if  any, 
must  be  even  less  than  o.ooi  of  a  unit  in  the  atomic  weight  of 
sodium  and,  hence,  quite  negligible. 

Lest  some  may  attach  too  much  significance  to  the  times  of 
maximum  opalescences,  I  wish  to  emphasize  the  fact  that  the 
opalescences,  especially  weak  ones,  are  changing  very  slowly 
just  before  and  after  their  maxima,  so  that  the  exact  time  to  a 
minute  means  little.  Moreover,  the  variation  is  occasionally 
large.  The  anomalous  results  illustrating  this,  referred  to  in 
the  foot-note  on  p.  1 1 1,  were  probably  due  to  an  insufl&cient  ex- 
cess of  precipitant.  Previous  work  had  shown  that  a  long 
time  was  often  necessary  for  the  opalescences  to  become  rela- 
tively stable.  My  experiments  were  made  to  discover  the 
means  by  which  to  obtain  the  maximum  opalescence  as  speed- 
ily as  possible,  and  showed  that,  under  the  conditions  men- 
tioned, on  the  average,  intense  opalescences  become  relatively 
stable  in  from  i  to  20  minutes,  medium  opalescences  in  from 
10  to  40  minutes  and  weak  opalescences  in  30  minutes  or  over. 

The  maximum  was  chosen  as  the  best  measure  of  the  opal- 
escence, and  it  could  always  be  found  by  comparing  the  opal- 
escence at  any  time  with  an  unchangeable  ground  glass.  In 
consequence  of  the  time  effects  above  noted,  such  a  method  is 
more  necessary  for  intense  opalescences,  which  change  quickly, 
than  for  weak  ones  which  change  very  slowly.  In  the  case  of 
weak  opalescences,  the  older  procedure  of  waiting  a  long  time 
before  reading,  two  tubes  would  yield  almost  precisely  the 
same  result  as  reading  each  at  its  maximum. 

In  brief,  then,  as  far  as  time  effects  in  nephelometry  are  con- 
cerned, the  time  factor  must  be  carefully  regulated  for  intense 
opalescences,  but  it  ceases  to  be  a  major  variable  with  weak 
ones. 
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NOTE   CONCERNING  THE  USE   OF  THE   NEPHE- 
LOMETER. 

By  Theodore  William  Richards. 

A  recent  article  by  Dr.  R,  C.  Wells  upon  ' '  The  Estimation  of 
Opalescent  Silver  Chloride  Precipitates' '  with  the  help  of  the 
nephelometer^  seems  to  call  for  a  few  additional  remarks.  The 
following  note  is  written  in  order  to  supplement  his  sugges- 
tions, and  to  point  out  clearly  the  range  of  applicability  of  nephe- 
lometric methods. 

Dr.  Wells'  conclusions  are  based  upon  a  series  of  compari- 
sons in  which  the  cloudiness  of  a  ground  glass  plate  was  used 
as  the  standard  of  comparison  with  the  cloudiness  produced  by 
opalescent  precipitates.  This  is  a  good  idea,  but  it  is  evident 
that  the  intensity  of  light  reflected  to  the  eye-piece  from  this 
plate  will  vary  with  the  inclination  of  the  plate  to  the  source 
of  light  and,  therefore,  that  great  care  must  be  taken  to  have 
this  inclination  always  definite.  Undoubtedly,  this  was  taken 
into  account,  but  the  necessity  of  this  precaution  was  not  suf- 
ficiently emphasized. 

Another  cause  of  uncertainty  which,  although  mentioned  as 
a  possible  source  of  error,  and  also  heeded  to  some  extent,  may 
not  have  been  quite  sufficiently  guarded  against  in  the  experi- 
mental work,  isvariationin  temperature.  Silver  chloride  ismuch 
more  soluble  in  hot  than  in  cold  water,  and  the  form  of  aggre- 
gation of  the  precipitate  varies  greatly  with  the  temperature. 
Both  these  facts  cannot  but  aflFect  the  rate  of  formation  of  the 
opalescent  precipitate  ;  hence,  any  work  aiming  at  definite 
comparison  with  a  fixed  standard  should  be  conducted  in  ther- 
mostatted  tubes. 

Qualitatively,  it  has  been  known  for  many  years  that  the 
rate  of  decay  of  the  opalescence,  as  well  as  the  rate  of  precipi- 
tation, varies  greatly  with  the  "  concentration"  of  the  precipi- 
tate, in  other  words,  with  the  weight  of  precipitate  suspended 
in  a  given  volume  of  liquid.     An  intense  opalescence  settles 

1  This  Journal,  35,  99  (1906). 
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out  much  more  quickly  than  a  faint  one.  Dr.  Wells  has  quan- 
titatively estimated  this  difference  of  behavior.  A  saturated 
solution  of  silver  chloride,  such  as  is  usually  studied  by  means 
of  the  nephelometer,  ordinarily  contains  not  much  over  1.5 
milligrams  per  liter,  or  is  only  about  o.ooooi  N  ;  but  two- 
thirds  of  the  figures  given  by  Dr.  Wells  refer  to  solutions  as 
strong  as  0.00004  N,  nearly  four  times  as  concentrated. 
While  it  is  a  matter  of  great  interest  to  study,  as  Dr.  Wells 
has  done,  the  rapid  rate  of  deposition  of  these  more  concentra- 
ted opalescences,  they  should  probably  not  be  made  the  basis 
of  exact  quantitative  analytical  work,  because  of  their  rapid 
rate  of  change.  For  quantitative  estimation  of  the  substance 
in  such  mixtures,  it  is  better  not  to  use  the  nephelometer,  but 
to  collect  the  precipitate  after  it  has  been  wholly  deposited. 
The  nephelometer  should  be  employed  for  exact  work  only 
when  the  precipitate  is  so  finely  divided  that  it  will  not  in  any 
reasonable  time,  fbr  example  2  or  3  days,  deposit  itself  and 
thus  place  itself  within  the  range  of  ordinary  quantitative  de- 
termination. 

It  should  be  strongly  emphasized  that  the  "  anomalous  re- 
sults' '  mentioned  by  Dr.  Wells  had  been  duly  considered  in 
previous  work,  and  were  distinctly  pointed  out,  but  the  bulk 
of  the  previous  papers  was  concerned  with  indicating  the  way 
in  which  the  difficulties  can  be  overcome  ;  therefore  but  few 
figures  were  given. 

While  the  ground  glass  plate  employed  by  Dr.  Wells,  when 
properly  and  steadily  illuminated,  undoubtedly  affords  an  ex- 
cellent means  of  studying  the  rate  of  change  in  a  given  mix- 
ture, I  cannot  believe  that  it  provides  the  best  standard  of 
reference  for  analytical  purposes,  because  it  is  unaffected  by 
the  many  variables  which  affect  the  mixture  to  be  estimated. 
In  my  opinion,  if  even  moderately  accurate  analytical  results 
are  to  be  had  with  the  nephelometer,  the  one  essential  point  to 
be  heeded  is  this  :  the  unknown  solutions  to  be  estimated  must  be 
treated  in  exactly  the  same  way  as  the  known  standard  solutions, 
which  serve  as  the  basis  of  comparison.  If  this  precaution  is 
adhered  to,  the  changes  of  temperature,  the  presence  of  elec- 
trolytes, the  concentration  of  the  solutions  and  all  the  other 
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variables,  afifecting  each  precipitate  in  like  manner,  are  elimi- 
nated from  the  comparison.  This  method,  indeed,  is  a  funda- 
mental principle  in  all  precise  volumetric  analysis. 

That  this  precaution  was  realized  in  the  previous  discussion 
of  the  instrument  may  be  shown  by  the  following  quotation  : 

"  Care  must  be  taken  to  have  both  standard  solution  and 
unknown  solution  subjected  to  precisely  the  same  conditions, 
for  varying  conditions  of  precipitation  may  lead  to  differences 
in  the  appearance  of  the  precipitate  far  greater  than  the  possi- 
ble optical  error  of  the  apparatus.  Herein  lies  the  chief  cau- 
tion to  be  noted  in  its  use. ' ' 

"  The  contents  of  this  paper  may  be  summarized  as  follows  : 

The  chief  possibility  of  error  lies  in  the  state  of  the 

precipitated  material.  In  order  to  exclude  variation  here,  the 
solution  to  be  estimated  and  the  standard  solution  for  com- 
parison should  be  precipitated  in  exactly  the  same  way."  ' 

On  the  same  page  with  these  statements  is  to  be  found  a 
series  of  results  showing,  positively,  that  when  this  advice  is 
heeded,  and  when  sufficient  time  is  allowed  for  the  opalescence 
to  develop,  the  instrument  gives  reasonably  accurate  results, 
and  similar  evidence  is  given  in  another  place. 

In  the  course  of  the  work  upon  the  atomic  weight  of  sodium, 
a  singular  anomaly  was  observed,  namely,  the  fact  that  the 
opalescence  of  silver  chloride  forms  more  quickly  when  a  solu- 
tion of  this  salt  is  treated  with  a  large  excess  of  silver  nitrate 
than  it  does  when  an  equivalent  solution  of  sodium  chloride  is 
treated  in  the  same  way.  This  irregularity  leads  to  an  uncer- 
tainty as  to  whether  the  weights  of  precipitate  corresponding  to 
a  given  maximum  intensity  of  opalescence  are  equal  in  the  two 
cases — an  uncertainty  clearly  pointed  out  in  the  place  men- 
tioned. The  question  of  weight  is  not  discussed  in  Dr.  Wells' 
paper,  but  is  now  being  exhaustively  studied  at  Harvard. 
The  uncertainty  arose  only  because  of  a  slight  infringement  of 
the  rule  italicized  above.  When  the  two  mixtures  are  sub- 
jected to  the  same  conditions — for  example,  when  both  are  re- 
dissolved  in  ammonia  and  reprecipitated,  the  uncertainty  dis- 

1  Richards  and  Wells  :  This  Journal,  31,  242  (1904).  It  should  be  noted  that  both 
these  sentences  were  written  by  the  author,  who  takes  all  the  responsibility  attached 
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appears.  This  practice  is  being  adopted  in  a  research  on  the 
atomic  weight  of  potassium,  now  being  pursued  at  Harvard  by 
Dr.  A.  Stabler,  of  Berlin,  and  the  author. 

In  brief,  the  object  of  this  note  may  be  summarized  as  fol- 
lows :  It  is  pointed  out  that,  while  the  recent  paper  of  Dr.  R. 
C.  Wells  on  the  nephelometer  affords  interesting  data  concern- 
ing the  rate  of  precipitation  of  opalescent  precipitates,  particu- 
larly in  cases  verging  upon  prompt  deposition,  it  does  not  em- 
phasize the  chief  precaution  which,  in  the  author's  opinion, 
should  be  adopted  if  the  nephelometer  is  to  be  used  in  quanti- 
tative analytical  work. 
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ISOHEXANE  AND  A  NEW  DODECANE. 

By  I,atham  Clarke  and  R.  Norris  Shreve. 

As  the  preparation  of  isohexane,  according  to  Wurtz,*  from 
isobutyl  iodide,  ethyl  iodide  and  sodium,  is  unsatisfactory  for 
the  production  of  even  moderately  large  quantities,  a  new 
method  has  been  devised. 

Methyl  isobutyl  ketone  was  obtained  from  ethyl  isopropyl- 
acetacetate,  and  this,  by  reduction,  was  converted  into  methyl- 
isobutylcarbinol,  which,  by  further  reduction,  yielded  iso- 
hexane. 

This  procedure  seems  to  be  the  best  thus  far  devised  for  the 
production  of  isohexane,  as  the  Wurtz  method  gives  a  very 
small  yield,  while  the  present  one  gives  a  yield  of  57  per  cent 
of  the  theoretical,  reckoned  from  the  carbinol,  and  about  37 
per  cent  calculated  from  the  ketone. 

Incidentally,  in  the  making  of  the  carbinol,  a  small  amount  of 
pinacone  was  obtained,  which  was  transformed  into  the  corre- 
sponding dodecane,  wz.,dimethyldiisobutylethane.  Of  the 
present  series  of  hydrocarbons  of  established  constitution,  this, 
with  the  single  exception  of  diisooctyl,  is  the  first  one  above 
decane  to  be  discovered  which  is  not  normal.* 

1  J«hresb.  d.  Chem.,   1855,  p.  574. 

2  Alechin  :  J.  russ.  Chem.  See,  15,  175. 
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EXPERIMENTAL. 

From  ethyl  acetacetate,  ethyl  isopropylacetacetate  was  pre- 
pared by  Conrad's  method/  from  sodium  ethyl  acetacetate  and 
isopropyl  iodide.  It  boiled  at  20 1  ° .  The  isopropyl  iodide  used 
was  made  by  a  modification  of  MarkownikofE's  method/  as 
follows :  Two  hundred  grams  of  glycerin  were  mixed  with 
170  grams  of  water,  300  grams  of  iodine  were  added  and,  all 
at  once,  60  grams  of  red  phosphorus.  The  mixture  was  im- 
mersed in  cold  water  for  an  hour,  boiled  with  a  return  con- 
denser over  a  free  flame  for  2  hours  and  distilled.  The  distil- 
late was  washed  with  water  and  with  dilute  sodium  hydroxide 
solution,  then  with  water  again,  and  the  colorless  liquid  dried 
with  calcium  chloride.  On  rectification  it  boiled  at  89°.  This 
method  gave  a  consistent  70-80  per  cent  yield,  reckoned  from 
the  glycerin. 

Methyl  Isohutyl  Ketone. 

This  ketone  has  been  prepared  by  Frankland  and  Duppa,* 
We  modified  their  method  and  prepared  it  from  ethyl  isopro- 
pylacetacetate, by  boiling  for  6  hours  with  10  per  cent  potas- 
sium hydroxide  solution,  2  mol.  alkali  :  i  mol.  ester.  The  re- 
sulting mixture  was  distilled  with  steam.  The  oily  layer 
floating  on  the  distillate  was  separated,  dried  over  calcium 
chloride  and  fractionated.  The  fraction  boiling  between  ioo°- 
130°  was  4  times  redistilled,  until  a  portion  boiling  at  119° 
(765  mm.)  was  obtained.  Wagner*  gives  115°. 5  (745  mm.) 
and  Frankland^  114°  (758  mm.).  Two  hundred  and  forty-five 
grams  of  ethyl  isopropylacetacetate  yielded  89  grams  of  methyl 
isobutyl  ketone,  corresponding  to  55  per  cent  of  the  theo- 
retical. In  addition  to  the  boiling  point,*  the  identity  of  this 
substance  was  further  established  by  analysis. 

I.  0.1052  gram  substance  gave  0.2790  gram  COj  and  0.1043 
gram  H^O. 

1  Conrad  and  I<impach  :  Ann.  Chem.  (Iviebig),  192,  153. 

2  Ibid.,  138,  364. 

3  Ann.  Chem.  (I^iebig),  145,   82. 
*  J.  prakt.  Chem.,  [2],  44,  281. 

6  Ann.  Chem.  (lyiebig),  145,  83. 
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II.  o.  1805  gram  substance  gave  0.4735  gram  CO^  and  o.  1974 
gram  HjO. 


Calculated  for 
CeHiaO. 

I. 

Found. 

II. 

c 

72.00 

72.43 

71.60 

H 

12.00 

II.OI 

12.15 

The  substance  is  readily  miscible  with  alcohol,  ether,  ben- 
zene, acetone  and  ethyl  acetate,  but  is  insoluble  in  water. 

Methylisohutylcarhinol . 

This  carbinol  has  been  made  from  isovaleraldehyde  and  zinc 
methyl  by  Kuwschinofif.^  We  obtained  it  from  methyl  iso- 
butyl  ketone  in  the  following  manner  :  Seventy-five  grams  of 
methyl  isobutyl  ketone  were  dissolved  in  150  grams  of  ethyl 
ether  and  the  solution  poured  over  125  grams  of  water,  con- 
tained in  a  round-bottom  flask  with  a  return  condenser  at- 
tached. To  the  mixture  was  added,  piece  by  piece,  38  grams 
of  sodium,  during  a  period  of  3  hours.  The  ether  layer  was 
then  decanted,  washed  with  water  to  remove  a  white  turbidity 
and  fractionated.  The  residue  from  the  ether  yielded  two 
fractions,  one  boiling  at  ioo°-i5o°,  the  other  at  240°-245°. 
The  first  was  methylisobutylcarbinol,  the  second  methyliso- 
butylpinacone. 

The  first  fraction  was  twice  distilled  and  gave  53  grams  of 
methylisobutylcarbinol,  boiling  at  i38°-i45°,  a  yield  of  nearly 
70  per  cent  of  the  theoretical.     Analysis: 

0.1540  gram  substance  gave  0.3959  gram  CO^  and  0.1853 
gram  H^O. 


Calculated  for 

CeHuO. 

Found. 

c 

70.58 

70. 11 

H 

13.72 

13.37 

This  compound  has  a  peculiar  odor  like  fusel  oil.  It  is  sol- 
uble in  alcohol,  ether,  acetone,  benzene,  toluene,  ethyl  ace- 
tate and  carbon  tetrachloride  ;  insoluble  in  water. 

Ethylisobutyl. 

This  hexane  has  been  prepared  in  the  way  already  men- 

1  J.  russ.  Chem.  See,  19,  205. 
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tioned  by  Wurtz/  and  extracted  from  gasolin  by  Norton  and 
Andrews.^  We  obtained  it  from  methylisobutylcarbinol  by 
the  following  procedure  :  Fifty  grams  of  the  carbinol  were 
dissolved  in  70  cc.  of  redistilled  amyl  alcohol  (b.  p.  ii5°-i25°, 
mostly  near  the  lower  figure)  in  a  500  cc.  round-bottom  flask, 
with  a  return  condenser  attached.  Into  this  solution,  cooled 
at  0°,  was  passed  hydriodic  acid  gas,  made  from  88  grams  of 
iodine,'  after  which  150  grams  of  glacial  acetic  acid  were 
added,  together  with  several  pieces  of  granulated  zinc.  The 
mixture  was  allowed  to  stand  4  days,  zinc  being  once  added  to 
keep  it  always  present  in  excess ;  at  the  end  of  this  time  it 
was  heated  over  the  free  flame  and  a  fraction  distilled  off  be- 
tween 60°  and  95°.     This  fraction  will  be  described  later. 

The  residue  from  the  distillation  was  treated  with  the  hy- 
driodic acid  from  44  grams  of  iodine,*  and  more  zinc,  after 
which  the  mixture  was  allowed  to  stand  again  for  4  days. 
The  distillation  was  repeated  under  the  same  conditions  as  be- 
fore, the  residue  being  treated  with  the  same  amount  of  hy- 
driodic acid.  This  process  was  carried  through  5  times.  The 
product  of  the  first  distillation  weighed  10  grams.  This,  on 
rectification,  gave  1-2  cc.  of  hydrocarbons,  derived  from  the 
amyl  alcohol,  boiling  between  35°  and  40°;  6  grams  of  isohexane, 
boiling  at  64°,  and  a  residue  of  amyl  acetate  and  acetic  acid. 
By  the  same  treatment,  the  second  distillate  yielded  9  grams 
of  rectified  hexane  ;  the  third,  6.5  grams  ;  the  fourth,  7  grams ; 
the  fifth,  1.5  grams;  and  the  sixth,  2.5  grams.  The  total 
yield  of  isohexane  was  32.5  grams,  but  this  contained  nearly 
3  per  cent  of  iodine,  although  it  boiled  almost  constantly  at  62"- 
64°.  By  shaking  with  concentrated  sulphuric  acid  and  dis- 
tilling, the  iodine  was  removed  entirely  and  a  yield  of  24 
grams  of  isohexane  obtained,  corresponding  to  57  per  cent  of 
the  theoretical. 

The  success  of  this  method  seems  to  depend  on  the  follow- 
ing facts  :  In  the  first  place,  the  large  amount  of  high-boiling 
solvents — amyl  alcohol,  amyl  acetate  and  acetic  acid — holds  in 

1  Jahresb.  d.  Chem.,  1855,  p.  574. 

2  This  Journal,  8,  6. 

»  Gatterman  :  "  Pract.  Meth.  Org.  Chem.,"  2d  Am.  ed.,  p.  345. 
■»  Gatterman  :  Loc.  cit. 
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solution  the  low-boiling  hexane,  and  thus  keeps  it  from  evapo- 
rating during  the  several  days  of  standing  while  the  reduction 
is  taking  place.  Secondly,  the  large  amount  of  hydriodic  acid 
transforms  the  methylisobutylcarbinol  almost  entirely  to 
methylisobutyl  iodide,  and  thereby  gives  the  maximum 
amount  of  reducible  material,  since  the  carbinol  cannot  be  re- 
duced. Thirdly,  the  hydriodic  acid  aids  in  the  evolution  of 
hydrogen  from  the  zinc.  Fourth!}^,  the  excess  of  hydriodic 
acid  adds  to  any  hexylene  which  may  be  formed  and,  by  trans- 
forming it  into  hexyl  iodide,  again  brings  it  back  into  the 
sphere  of  action. 

Methylisohutylpinacone . 

The  high-boiling  fraction  obtained  as  a  by-product  from  the 
reduction  of  methyl  isobutyl  ketone,  was  twice  distilled,  the 
boiling  point  was  240°-255°  the  first  time,  but  on  redistilla- 
tion it  became  constant  at  245°.  At  ordinary  temperatures 
it  remained  liquid. 

The  results  of  analysis  and  the  method  of  formation  show 
this  compound  to  be  a  pinacone,  with  the  formula, 

(CH3),CHCH,C(CH3)OHC(CH,)OHCH,CH(CH3),. 
Analysis  : 

0.1716  gram  substance  gave  0.4516  gram  COj  and  0.1991 
gram  H^O. 


Calculated  for 
CioHseOj. 

Found. 

c 

71.28 

71.62 

H 

12.87 

12.87 

Properties. — A  viscous,  oily  liquid  with  a  moderately  strong 
odor  like  salt  mackerel.  It  is  soluble  in  alcohol,  ethyl  acetate, 
acetone,  ethyl  ether,  benzene  and  glacial  acetic  acid  ;  insolu- 
ble in  water. 

Reduction  of  Methylisohutylpinacone. 

In  a  mixture  of  10  grams  of  amyl  alcohol  (b.  p.  ii6°-ii8°) 
and  40  grams  of  glacial  acetic  acid,  7  grams  of  methylisohutyl- 
pinacone were  dissolved.     Into  this  solution,  cooled  to  0°,  was 
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passed  gaseous  hydriodic  acid  from  44  grams  of  iodine,*  and  to 
it  about  15  grams  of  zinc  were  added.  The  mixture  was  al- 
lowed to  stand  5  days. 

After  this  it  was  poured  off  from  the  remaining  zinc  into  a  flask 
with  a  side  neck.  On  distilling  over  the  free  flame  a  few  drops 
passed  over  at  7o°-9o°  (hexane),  while  about  one-half  the 
total  volume  distilled  at  ioo°-i2o°.  On  further  heating,  the 
temperature  slowly  rose  to  170°,  at  which  point  the  distillation 
was  stopped.  The  residue  was  deep  red  in  color.  To  the  dis- 
tillate was  added  4  volumes  of  water,  whereby  a  reddish  col- 
ored oil  separated  out  and  sank  to  the  bottom.  This  lower 
layer  was  drawn  off,  washed  with  water,  dried  with  calcium 
chloride  and  distilled. 

The  first  fraction  distilled  at  i20°-i35°,  and  consisted  mainly 
of  amyl  acetate  ;  the  second  boiled  at  150°-!  70°  and  had  an 
odor  like  an  alkyl  iodide,  contaminated,  however,  by  amyl 
acetate.  To  purify  this  second  fraction,  it  was  first  washed 
with  60  per  cent  ethyl  alcohol,  then  with  pure  water  and 
finally  dried  with  calcium  chloride.  On  redistilling,  it  boiled 
almost  constantly,  but  with  some  decomposition,  at  158°- 160° 
(760  mm.);    8  grams  were  obtained. 

This  compound  is,  undoubtedly,  methylisobutylcarbinol 
iodide.  The  boiling  point,  i58°-i6o°,  is  what  one  would  ex- 
pect for  such  a  substance,  and  it  is  easy  to  account  for  its 
formation  from  methylisobutylpinacone.  The  constitution, 
therefore,  is  (CH3),CHCH,CHICH3.  Analysis  : 
I,  0.2885  gram  substance  gave  0.3237  gram  Agl. 

II,  0,1138  gram  substance  gave  0.1265  gram  Agl. 


Calculated  for 

Found. 

CfiHisI. 

I. 

II. 

59-87 

60.63 

60,  C 

Methylisobutylcarbinol  iodide  is  a  colorless,  oily  liquid,  with 
the  odor  characteristic  of  alkyl  iodides,  it  boils  at  i58°-i6o*' 
with  some  decomposition  and  is  insoluble  in  water,  but  dis- 
solves in  alcohol,  ether  and  the  common  organic  solvents. 

>  Gatterman  :  Loc.  cit. 
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Dimeihyldiisohutylethane . 

The  residue  in  the  flask,  after  distilling  off  the  methylisobutyl- 
carbinol  iodide,  was  treated  with  6  volumes  of  water.  A  thin 
oily  layer,  which  floated  on  the  water,  was  separated.  It  was 
dissolved  in  ligroin  (b.  p.  4o°-7o°)  and  the  solution  dried  with 
calcium  chloride.  By  distilling  ofi"  the  ligroin,  a  residue  was 
obtained  consisting  of  less  than  i  cc.  of  colorless,  oily  liquid, 
which  distilled  at  a  little  over  200°.  By  careful  redistillation, 
the  boiling-point  2o8°-2io°  was  determined  as  accurately  as 
possible  with  such  a  small  quantity.     Analysis  : 

0.1234  gram  substance  gave  0.3846  gram  CO^  and  0.1673 
gram  H^O. 


Calculated  for 
C10H26. 

Found. 

c 

H 

84.70 
15-30 

85.00 
15.06 

This  analysis  and  the  formation  of  the  substance  from 
methylisobutylpinacone  show  it  to  be  the  hydrocarbon,  di- 
methyldiisobutylethane, 

(CH3),CHCH,CH(CH3)CH(CH3)CH,CH(CH3),. 

It  is  an  oily  liquid  with  a  faint  odor,  soluble  in  ligroin  but 
not  very  soluble  in  alcohol. 
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ON   THK   ACTION   OF   CHI.ORIDK  OF  lODINK  ON 
PYROCATECHIN. 

By  C.  Loring  Jackson  and  M.  C.  Boswell. 

The  work  described  in  this  paper  was  undertaken  in  the 
hope  of  preparing  tetraiodorthobenzoquinone,  but  none  of  the 
methods  tried  by  us  for  making  the  tetraiodpyrocatechin  have 
led  to  this  substance.  Of  these,  the  action  of  monochloride 
of  iodine  on  pyrocatechin  seemed  the  most  promising,  because 
Michael  and  Norton^  have  found  that  this  reagent  converted 
resorcin  into  triiodresorcin,  but  our  experiments  with  these 
two  bodies  showed  that  the  reaction  was  by  no  means  so  sim- 

1  Ber.  d.  chem.  Ges.,  9,  1752  (1876). 


520  Jackson  and  Bo  swell. 

pie  as  in  the  case  of  resorcin,  since  much  iodine  was  set  free, 
and  red  products  obtained,  which  were  evidently  formed  by 
the  union  of  several  molecules  of  pyrocatechin.  We  could  find 
no  way  for  purifying  these  substances  directly,  but  by  re- 
ducing them  with  sulphurous  dioxide,  after  the  removal  of  the 
iodine,  we  succeeded  in  obtaining  two  white  compounds,  one 
melting  at  224°,  when  a  small  proportion  of  the  ICl  had  been 
used  (10  :  90  ICl),  the  other  melting  at  252°,  formed  by  a 
larger  amount  (10  :  120  ICl).  Preliminary  experiments  indi- 
cated that  still  another  compound,  at  least,  could  be  obtained  by 
varying  the  proportion  of  chloride  of  iodine,  but  that  variations 
in  the  other  conditions  seemed  to  have  no  eflfect  on  the  product. 

Our  analytical  results  with  the  substance  melting  at  224° 
leave  us  in  doubt  as  to  which  of  two  formulas  belongs  to  it, 
CjoHjgOioClJs  or  C26Hi80<,Cl7l2  ;  the  balance  of  evidence  is  in 
favor  of  the  first,  but  it  is  impossible  to  decide  between  them 
by  analysis  alone,  and  our  only  analysis  of  a  derivative,  that 
of  the  acetyl  compound,  although  declaring  in  favor  of  the 
first  formula,  is  not  absolutely  decisive.  We  were  unable  to 
settle  this  point  because  our  work  was  broken  off  before  it  was 
finished  by  the  departure  of  one  of  us  from  Cambridge. 
Either  of  the  compounds  represented  by  these  formulas  might 
have  been  formed  by  the  reaction,  since  the  first  consists  of  5 
molecules  of  pyrocatechin,  in  which  part  of  the  hydrogen  has 
been  replaced  by  the  halogens,  the  second  of  4  mole- 
cules of  pyrocatechin,  in  which  part  of  the  hydrogen  has 
been  replaced  by  the  halogens  and  an  acetyl  group.  The  hy- 
drogen given  in  these  formulas  is  the  maximum  amount,  but 
it  is  probable  that  some  of  it  has  been  eliminated  in  the  pro- 
cess of  uniting  the  molecules  of  pyrocatechin. 

The  supposition  that  a  molecule  containing  5  benzene  rings 
would  crystallize  well  and  melt  as  low  as  224°  seems,  at  first 
sight,  very  improbable,  but  it  is  not  without  analogy  in  this 
class  of  compounds,  as  a  derivative  of  tetrachlororthoquinone 
has  been  prepared  by  Mr,  Maclvaurin  in  this  laboratory, 
which,  as  shown  by  molecular  weight  determinations,  contains 
4  benzene  rings  and  melts  at  210°. 

As  to  the  constitution  of  our  octochlortriiodpentapyrocate- 
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chiu,  much  more  work  will  be  necessary  before  it  can  be 
definitely  settled,  but  we  have  established  the  following  points 
with  tolerable  certainty  :  Oxidation  with  nitric  acid  converts 
it  into  a  red  substance,  melting  at  272°,  crystallizing  with 
toluene  of  crystallization,  and  acted  on  by  most  solvents. 
There  can  be  little  doubt,  therefore,  that  it  is  an  orthoquinone, 
probably  the  same  as  the  dark  red  first  product  of  the  action  of 
ICl  on  pyrocatechin.  In  that  case  the  compound  melting  at 
224°  must  contain  two  hydroxyl  groups  in  the  ortho  position. 
Further,  if  in  preparing  this  substance  the  reduction  with  sul- 
phurous dioxide  is  carried  on  without  removing  the  free 
iodine,  the  product  is  trichlorpyrocatechin,  undoubtedly  due 
to  the  decomposition  of  the  octochlor  body  by  the  hydriodic 
acid,  which  indicates  that  our  substance  contains  one  group 
CgHClgO^  at  least.  As  has  been  already  pointed  out,  it  is 
probably  analogous  to  the  polymeric  derivative  of  substituted 
orthoquinone  discovered  by  Mr.  MacLaurin,  which  it  resem- 
bles closely  in  many  properties. 

The  substance  melting  at  252°,  obtained  with  a  larger 
amount  of  ICl,  gave  analytical  results  agreeing  with  the  for- 
mula CigHioOgClJ,  and  analysis  of  the  acet  derivative  gave  re- 
sults also  in  agreement  with  this  formula,  but  other  deriva- 
tives should  be  analyzed  before  its  composition  is  considered 
finally  settled.  Such  a  compound  would  be  made  up  of  three 
pyrocatechin  molecules  with  part  of  the  hydrogen  replaced  by 
the  halogens,  and  therefore  should  be  called  heptachloriodtri- 
pyrocatechin.  It  is  certainly  strange  that  this  tri pyrocatechin 
compound  melts  at  a  higher  temperature  than  the  pentapyro- 
catechin  compound,  but  this  may  be  accounted  for  by  the 
greater  replacement  of  hydrogen  by  halogens  in  the  former 
than  in  the  latter. 

If  the  tripyrocatechin  is  oxidized  with  nitric  acid,  it  gives  a 
red  compound,  probably  an  orthoquinone  ;  and  if,  in  preparing 
it,  the  reduction  with  sulphurous  dioxide  is  carried  on  before 
the  iodine  has  been  removed,  tetrachlorpyrocatechin  is  formed, 
which  crj'stallizes  from  water  with  iHjO.  The  formula  of  the 
tripyrocatechin  may,  therefore,  be  developed  as  follows : 
CeClA(Ci,H3Cl,I0,)0,H,. 


52  2  Jackson  and  Boswell. 

Consequently,  our  experiments  show  that  the  action  of  mono- 
chloride  of  iodine  on  pyrocatechin  leads  to  the  union  of  several 
molecules  of  it,  for  in  no  case  did  we  obtain  derivatives  from  a 
single  molecule,  except  where,  by  reduction  with  sulphurous 
dioxide  and  hydriodic  acid,  the  trichlor  or  tetrachlorpyrocate- 
chin  was  obtained,  and  in  view  of  all  the  facts  observed  these 
must  have  been  formed  by  the  breaking  up  of  the  more  com- 
plex real  products  of  the  reaction.  We  ascribe  this  greater 
complexity  of  the  reaction  to  the  formation  of  orthoquinones, 
which  have  a  great  tendency  to  form  such  complex  aggregates. 
That  such  qui  nones  were  formed  was  shown  by  the  red  color 
of  the  products  and  confirmed  by  the  fact  that  much  iodine 
was  set  free.  The  introduction  of  chlorine  as  well  as  iodine 
into  the  molecule  is  another  marked  diflference  between  the 
action  of  chloride  of  iodine  on  pyrocatechin  and  on  resorcin  or 
aniline. 

Many  other  methods  for  making  tetraiodpyrocatechin  or 
orthoquinone  were  tried,  but  none  of  them  led  to  the  desired 
result. 

EXPKRIMENTAIv. 

Action  of  Monochlonde  of  Iodine  on  Pyrocatechin. 

The  chloride  of  iodine,  ICl,  used  by  us  was  made  by  passing 
washed  and  dried  chlorine  into  a  flask  containing  a  weighed 
quantity  of  iodine,  until  the  calculated  amount  of  chlorine  had 
been  taken  up,  as  shown  by  the  increase  of  weight.  This 
point  was  also  indicated  by  the  appearance  of  yellow  crystals 
of  the  tetrachloride  of  iodine. 

Compound  Melting  at  224°. — Thirty  grams  of  pyrocatechin 
were  dissolved  in  900  cc.  of  glacial  acetic  acid  and  treated  with 
270  grams  of  monochloride  of  iodine,  introduced  by  passing  a 
stream  of  air  through  the  flask  containing  it,  which  was 
heated  on  the  water-bath  to  50°-6o°.  A  precipitate  of  iodine 
was  formed  during  the  addition  of  the  chloride  and,  after  the 
required  amount  had  been  introduced,  the  dark  colored  liquid 
was  poured  off  from  this  iodine  and  heated  for  an  hour  on  the 
steam-bath,  with  vigorous  shaking  at  intervals  of  10  minutes, 
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when  large  quantities  of  hydrochloric  acid  were  given  off. 
Three  or  four  liters  of  water  were  then  added  to  the  product, 
whicli  precipitated  a  dark  colored  mass  containing  a  great  deal 
of  iodine.  This  was  next  removed  by  rubbing  it  with  a  strong 
solution  of  potassic  iodide  and  washing  with  water.  The  dark 
red  residue  could  not  be  purified  by  any  solvents  which  we 
could  find,  since  they  either  converted  it  into  light  colored 
products,  as  in  the  case  of  dilute  acetic  acid  or  alcohol,  or,  if 
there  was  no  chemical  action,  the  solutions  yielded  no  crystals. 
Accordingly,  we  proceeded  as  follows  :  The  substance  was 
dissolved  in  glacial  acetic  acid  with  the  aid  of  a  gentle  heat, 
and  a  stream  of  sulphurous  dioxide  was  passed  through  the 
solution,  until  a  sample  gave  a  white  precipitate  with  water. 
The  whole  was  then  diluted  and  the  solid  thus  obtained  crys- 
tallized three  times  from  alcohol,  when  it  showed  the  constant 
melting  point  224°,  and  was  dried  at  100°  for  analysis. 

I.  0.3049  gram  substance  gave  0.3551  gram  CO,  and  0.0309 
gram  H^O. 

II.  0.3093  gram  substance  gave  0.35 1 2  gram  CO^  and  0.0615 
gram  H^O. 

III.  0.2078   gram  substance   gave  0.2379   gram   CO,    and 
0-0535  gi'am  H,0. 

IV.  0.1892  gram  substance  gave  0.2883  gram  AgCl  +  Agl, 
which  yielded  0.2193  gram  Ag,S. 

V.  0.1759  gram  substance  gave  0.2693  gram  AgCl  +  Agl. 
VI.  0.3 1 91  gram  substance  gave  0.4875  gram  AgCl  +  Agl. 


I. 

II. 

III. 

IV. 

V. 

VI. 

c 

31.76 

30.96 

31.22 

.     . 

H 

1. 18 

2.21 

2.86 

, 

cv 

.   . 

.    . 

23-35 

23-46 

23-41 

Is 

.  • 

•    . 

31-32 

31-47 

31-41 

The  analyses  were  made  with  specimens  from  more  than  one 
preparation. 

1  These  results  were  calculated  on  the  supposition  that  there  are  CX^lz  in  the  com- 
pound.   The  proportion  Cljl,  is  also  possible  ;  in  that  case  the  results  become  : 
IV.  V.  VI. 

CI7  25-68  25.81  25.75 

Xj  26.25  26.38  26.32 
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The  determination  of  the  relative  amounts  of  chlorine  and 
iodine  was  based  on  the  conversion  of  the  precipitate  of  AgCl  + 
Agl  into  argentic  sulphide  by  the  following  method  :  The 
precipitate,  after  it  had  been  weighed  on  a  Gooch  crucible,  was 
shaken  with  the  asbestos  mat  into  a  beaker  and  treated  with  a 
cold,  strong  solution  of  sodic  thiosulphate,  the  crucible  being 
washed  with  a  portion  of  a  similar  solution.  After  all  the  sil- 
ver salts  had  been  dissolved  in  this  way,  ammonic  sulphide 
was  added,  the  mixture  allowed  to  stand  over  night  and  the 
AgjS  dried  at  110°  on  a  Gooch  crucible. 

This  indirect  determination  is  so  unfavorable  that  several 
different  proportions  of  chlorine  and  iodine  give  results  agree- 
ing with  the  amount  of  argentic  sulphide  obtained,  but  when 
the  other  analytical  numbers  are  brought  into  the  calculation, 
only  two  proportions  are  found  to  be  possible — CIJ.^  and  Cl,!^. 

Weights  of  Ag^S  Corresponding  to  0.2883  Gram  AgCl  -{-Agl 
{Analysis  IV .). 

Calculated  for 
SAgCl  +  3AgI.  7AgCl  +  zAgl.  Found. 

0.2122  0.2183  0.2193 

The  second  proportion  agrees  excellently  with  the  experi- 
mental result,  but  the  first,  although  not  so  good,  is  not  far 
enough  out  to  be  rejected. 

The  two  formulas  derived  from  these  proportions  of  the 
halogens  give  percentages  which  are  compared  with  those  from 
Analyses  III.  and  VI.  in  the  following  table  : 

Calculated  for 
C30H19O10CI8I3.  CaeHisOgClylo.  Found. 


c 

29.90 

31-37 

31.22 

H 

1.58 

1,81 

2.86 

Cls 

23.59 

.    . 

23-41 

I, 

31.64 

.    . 

31.41 

CI, 

.     . 

25.00 

25-75 

I, 

.    . 

25-54 

26.32 

These  results  point  to  the  formula  CjoHigOioClglj  as  the  cor- 
rect one,  although  the  C  is  over  i  per  cent  too  high  for  it,  but 
in  the  presence  of  so  much  halogen  this  result  is  more  proba- 
ble than  that  according  to  Formula  II.,  as  this,  in  spite  of  the 
greater  apparent  agreement,  requires  more  carbon  than  was 
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found.  The  percentages  from  Analysis  I.,  to  be  sure,  agree 
with  the  second  formula,  but  the  low  hydrogen  and  high  car- 
bon in  this  analysis  are  so  improbable  that  we  feel  inclined  to 
reject  it. 

An  acetyl  derivative  was  made  by  heating  the  compound 
melting  at  224°  with  a  large  excess  of  acetyl  chloride  on  the 
steam-bath,  for  half  an  hour.  The  product  was  then  precipi- 
tated with  water,  purified  by  recrystallization  from  dilute  alco- 
hol, and  dried  at  100°. 

0.21 15  gram  substance  gave  0.3160  gram  AgCl  +  Agl. 


Calculated  for 

C30Hl7Oi0(C2H3O)oCl8l3. 

Found. 

Cls 

22.05 

22.90 

I, 

29.57 

30.72 

Calculated  for 
C26Hi609(C2H30)oCl,l2.  CaeHnOsCsHaOClTlj. 

Found. 

CI, 

23.04                          23.98 

25.19 

I. 

23.55                           24.51 

25.74 

These  results,  although  they  leave  much  to  be  desired, 
agree  best  with  CaoHjgOioClgls  as  they  stand,  but  the  following 
considerations  make  them  tell  even  more  strongly  in  its  favor. 
The  white  compound,  melting  at  224°,  when  oxidized  with 
nitric  acid,  was  converted  into  a  red  body  melting  at  272°, 
which  showed  the  properties  of  an  orthoquinone.  The  original 
substance  was,  therefore,  probably  the  corresponding  pyro- 
catechin, which,  on  treatment  with  acetyl  chloride,  would  give 
a  diacet  body.  If  this  supposition  is  true,  the  analysis  is  deci- 
sive in  favor  of  Formula  I.,  but,  even  if  it  is  not,  the  evidence 
at  hand  is  so  strong  for  this  formula,  CgoHigOjoClglj,  that  it  can 
be  adopted,  until  further  work  has  furnished  decisive  results. 
Such  a  compound  would  be  made  up  of  5  molecules  of  pyro- 
catechin with  part  of  the  hydrogen  replaced  by  chlorine  and 
iodine.  A  substance  having  Formula  II.  would  be  made  up 
of  4  molecules  of  pyrocatechin,  in  which  part  of  the  hydrogen 
was  replaced  by  chlorine,  iodine  and  one  acetyl  group  ;  both, 
therefore,  are  compounds  which  might  have  been  formed  un- 
der the  conditions  of  the  reaction.  The  maximum  amount  of 
hydrogen  is  assumed  to  be  present  in  these  formulas  ;  ob- 
viously a  less  amount  might  be  nearer  the  truth. 
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If  the  formula  CsoHj^OjoClgla  is  adopted  for  the  substance 
melting  at  224°,  it  would  be  called  octochlortriiodpentapyro- 
catechin.  It  crystallizes  from  somewhat  dilute  alcohol  in 
long,  silky,  white  needles,  which  melt  at  224°  and  are  soluble 
in  ether,  benzene,  or  acetic  acid.  With  nitric  acid  it  is  con- 
verted into  a  dark  red  substance  (probably  identical  with  the 
direct  product  from  the  action  of  chloride  of  iodine  on  pyro- 
catechin),  which  is  very  slightly  soluble  in  the  common  sol- 
vents ;  but  we  succeeded  in  obtaining  it  from  toluene  in  long, 
bright  red  needles,  which  grew  darker  on  drying,  probably 
from  loss  of  toluene  of  crystallization,  and  then  melted^  at 
272°.  It  showed  a  tendency  to  turn  light  yellow  when  treated 
with  benzene,  ligroin,  or  dilute  acetic  acid.  These  properties 
indicate  that  it  is  an  orthoquinone. 

Trichlorpyrocatechin . 

In  the  process  given  for  preparing  octochlortriiodpentapyro- 
catechin,  if  the  iodine  was  not  removed  from  the  crude  product 
before  the  reduction  with  sulphurous  dioxide,  a  different  re- 
sult was  obtained,  as  shown  by  the  following  experiment, 
which  was  repeated  several  times  :  Thirty  grams  of  pyrocate- 
chin  were  dissolved  in  500  cc.  of  glacial  acetic  acid  and  treated 
with  280  grams  of  chloride  of  iodine,  either  passed  into  the 
solution  in  a  current  of  air  or  added  in  solution  in  acetic  acid. 
The  mixture,  after  standing  over  night,  was  heated  on  the 
steam-bath  for  half  an  hour  and  then  treated  with  sulphurous 
dioxide  and  a  little  water  (not  enough  to  form  a  precipitate) 
until  it  was  decolorized,  when  1.5  liters  of  water  were  added 
and  the  voluminous,  white  precipitate,  formed  on  stirring  and 
cooling  with  ice,  filtered  out  and  purified  by  crystallization 
from  hot  water.  Instead  of  melting  at  224°  this  product 
melted  at  115°  and,  after  drying  at  70°,  at  i34°-i35°. 
This  indicated  that  it  might  be  the  trichlorpyrocatechin, 
which,  according  to  Cousin,^  melts,  when  dried,  at  i34°-i35°, 
but  at  i04°-i05°  with  its  water  of  crystallization.  We  are  un- 
able to  explain  this  difference  of  10°  between  our  melting  point 

1  This  melting  point  is  subject  to  revision  by  later  experiments  on  a  larger  scale. 

2  Bull.  Soc.  Chim.,  [3],  13,  7i9-    Ann.  Chim.  Phys.,  [7],  13,  483. 
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and  that  of  Cousin.     The  following  analyses  prove  that  it  is 
this  substance  : 

I.  1. 1008  grams  air-dried  substance  lost  0.0891  gram,  when 
dried  at  ioo°,  but  this  loss  was  accompanied  by  decomposition, 
shown  by  the  darkening  of  the  specimen.  This  decomposition 
by  heat  was  also  observed  by  Cousin, 

II.  0,3232  gram  air  dried  substance  gave  0,3641  gram  CO, 
and  0.0549  gram  H2O, 

III.  0,3102  gram  substance  gave  0.3557  gram  CO,  and  0.0723 
gram  H^O. 

IV.  0.2079  gram  substance  gave  0.3836  gram  AgCl,  which 
yielded  0.3325  gram  Ag^S  instead  of  0.3315  gram. 

V.  0.2334  gram  substance  gave  0.4319  gram  AgCl,  which 
yielded  0,3710  Ag^S  instead  of  0,3733  gram. 

There  can  be  no  doubt,  therefore,  that  the  substance  con- 
tained chlorine  and  no  iodine. 


Calculated  \ 

for 

Found. 

CeHClgCGH),.; 

H2O. 

I. 

II. 

III. 

IV. 

v. 

H,0          7.78 

8.10 

C             31-11 

30.70 

31.27 

,    . 

H              2.16 

.     . 

1.89 

2.59 

.      . 

CI            46,02 

.     . 

.     . 

45,61 

45-7^ 

As  this  trichlorpyrocatechin  was  obtained  by  the  method, 
which  gave  the  octochlortriiodpentapyrocatechin,  when  the 
iodine  was  removed  before  reduction,  it  must  owe  its  forma- 
tion to  the  action  of  hydriodic  acid  and  there  can  be  little 
doubt  that  this  consists  in  breaking  up  the  complex  molecule 
of  the  substance  melting  at  224°,  If  the  reduction  with  sul- 
phurous acid  and  hydriodic  acid  was  long  continued,  water 
precipitated  nothing  from  the  acetic  acid  solution. 

Compound  Melting  at  252°. — When,  in  treating  pyrocate- 
chin with  chloride  of  iodine,  the  proportion  of  this  reagent  was 
raised  from  135  grams  to  180  grams  for  15  grams  of  pyrocate- 
chin ;  the  other  conditions  remaining  the  same,  a  different  com- 
pound was  obtained  which,  after  crystallization  from  hot,  di- 
lute alcohol,  showed  the  constant  melting  point  252°,  and, 
when  dried  at  100°,  gave  the  following  results  on  analysis : 
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I.  0.2720  gram  substance  gave  0.3085  gram  COj  and  0.0363 
gram  H^O. 

II.  0.3133  gram  substance  gave  0.3595  gram  CO2  and  0.0763 
gram  HjO. 

III.  0.2259  gram  substance  gave  0.4046  gram  AgCl  +  Agl, 
which  yielded  0.3273  gram  Ag,S. 

IV.  0.2318  gram  substance  gave  0.4150  gram  AgCl  +  Agl, 
which  yielded  0.3385  gram  Ag^S. 


Calculated  for 

Found. 

CisHioOeClrl. 

I. 

II. 

III. 

IV. 

c 

30-97 

30.93 

31-30 

.     . 

H 

1-43 

1.48 

2.71 

CI 

35.63 

35-91 

35-90 

I 

18.21 

.     . 

18.35 

18.34 

The  0.4046  gram  of  AgCl  +  Agl  (Analysis  III.)  gave  0.3273 
gram  Ag,S.     7AgCl  +  Agl  give  0.3238  gram  Ag^S. 

0.4150  gram  AgCl  +  Agl  (Analysis  IV.)  gave  0.3385  gram 
AgjS.     7 AgCl  +  Agl  give  0.3321  gram  Ag^S. 

The  acetyl  derivative  was  also  made  by  boiling  with  an  ex- 
cess of  acetyl  chloride  for  half  an  hour,  precipitating  with 
water  and  purifying  by  crystallization  from  hot,  dilute  alcohol. 
After  drying  at  100°  it  gave  the  following  result : 

0.1541  gram  substance  gave  0.2505  gram  AgCl  +  Agl. 


Calculated  for 

Cl8H806(C2H30)2Cl,I. 

Found. 

CI 

31.80 

32.60 

I 

16.25 

17.65 

A  substance  with  the  formula  CigHioOjCl^I  would  be  formed 
by  the  union  of  3  molecules  of  pyrocatechin,  in  which  part  of 
the  hydrogen  had  been  replaced  by  the  chlorine  and  iodine. 
The  amount  of  hydrogen  given  is  the  maximum,  but  there 
may  be  a  smaller  quantity  present.  This  heptachloriodtri- 
pyrocatechin  crystallizes  from  hot,  somewhat  dilute  alcohol  in 
long,  fine,  white,  silky  needles,  which  melt  at  252°  and  are  less 
soluble  in  alcohol  or  acetic  acid  than  the  octochlor  compound. 

Tetrachlor pyrocatechin . 

Fifteen  grams  of  pyrocatechin  were  dissolved  in  800  cc.  of 
glacial  acetic  acid  and  treated  with   180  grams  of  chloride  of 
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iodine,  introduced  by  means  of  a  current  of  air,  the  liquid  was 
then  poured  ofiF  from  a  quantity  of  iodine,  that  had  been  de- 
posited, heated  on  the  steam-bath,  decolorized  with  sulphur- 
ous dioxide  and  water,  and  finally  diluted  with  a  large  volume 
of  water.  At  first  there  was  no  precipitate,  but  on  standing 
over  night  long,  white  needles  were  formed,  which  melted  at 
i93°-i94°  ;  tetrachlorpyrocatechin  melts  at  i94°-i95°.  This 
preparation  should  have  given  heptachloriodtripyrocatechin,  if 
the  iodine  had  been  removed  before  reducing  with  sulphurous 
dioxide.  That  the  substance  is  tetrachlorpyrocatechin  was 
proved  by  the  following  analysis  : 

0.2156  gram  air-dried  substance  gave  0.4670  gram  AgCl, 
which  yielded  0.4007  gram  AgjS  instead  of  0.4035  gram.  The 
silver  salt  is,  therefore,  AgCl. 


Calculated  for 

C6Cl4(OH)2.HjO. 

Found. 

53-38 

53-56 

CI 

Tetrachlorpyrocatechin  as  prepared  by  Zincke^  and  by 
Zincke  and  Kiister  was  anhydrous,  since  it  was  crystallized 
from  glacial  acetic  acid.  We,  accordingly,  determined  the 
amount  of  water  of  crystallization  in  our  preparation  : 

0.6825  gram  air-dried  substance  lost  0.0424  gram  when 
dried  at  110°. 


Calculated  for 

C6Cl4(0H)2.H20. 

Found. 

6.77 

6.21 

H,0 

If  in  this  reduction  with  sulphurous  dioxide,  in  presence  of 
iodine,  the  reducing  action  is  long  continued,  water  precipi- 
tates nothing  from  the  product. 


The  conditions  under  which  the  chloride  of  iodine  acted  on 
the  pyrocatechin  were  varied  in  many  ways,  but  the  only 
variations  which  seemed  to  affect  the  product  were  in  the  pro- 
portion of  the  two  reagents  and  the  nature  of  the  solvent. 
The  concentration  of  the  solution  had  no  effect,  unless  it  was 
so  great  that  the  reaction  became  too  violent,  producing  de- 

1  Ber.  d.  chem.  Ges.,  ao,  1779  (1887). 
2/*jrf.,  21,2729(1888). 


530  Jackson  and  Bo  swell. 

composition.  Temperatures  from  o°  to  ioo°  did  not  modify 
the  product,  but  it  was  found  that  the  reaction  ran  very 
slowly  below  60°.  The  chloride  of  iodine  could  be  introduced 
indifferently  in  a  stream  of  air,  in  solution  in  acetic  acid,  or  di- 
rectly from  a  drop  funnel.  When  water  or  chloroform  re- 
placed the  acetic  acid  as  the  solvent,  the  product  was  tarry 
and  gave,  with  benzene  and  ligroin,  reddish  brown  crystals, 
which  seemed  to  be  dififerent  from  those  obtained  with  acetic 
acid. 

As  already  shown,  dififerent  proportions  of  chloride  of  iodine 
gave  different  products,  and  we  have  reason  to  suppose  that 
several  other  substances  might  be  obtained  by  varying  these 
proportions  still  further.  This  was  indicated  by  the  following 
preliminary  experiments  :  Five  grams  of  pyrocatechin,  dis- 
solved in  85  cc.  of  acetic  acid,  were  treated  with  75  grams  of 
chloride  of  iodine  (a  much  larger  excess  than  any  used  above) 
and  allowed  to  stand  3  days,  precipitated  with  water  and,  after 
3  hours,  the  deposit  filtered  out  and  recrystallized  from  alco- 
hol, when  it  showed  the  melting  point  270°.  Perhaps  the 
same  substance  was  obtained  from  the  alcoholic  mother  liquors 
in  purifying  the  product  melting  at  252°.  The  aqueous  fil- 
trate, in  the  preparation  described  above,  also  seemed  to  contain 
another  substance. 

A  solution  of  2.5  grams  of  pyrocatechin  in  15  cc.  of  acetic 
acid  was  added,  very  slowly,  to  a  solution  of  chloride  of  iodine 
in  about  3  times  the  amount  of  acetic  acid,  and  heated  on  the 
steam-bath.  Much  iodine  was  precipitated  and  the  hot  liquid 
poured  oflf  from  this  deposited  beautiful  needles,  which  turned 
white  after  washing  with  potassic  iodide.  This  product  dif- 
fered from  all  the  others  in  being  unaflFected  by  nitric  acid, 
while  the  others  are  reddened  by  oxidation.  We  tried  many 
times  to  prepare  this  substance  again,  but  without  success. 

After  we  were  convinced  that  tetraiodpyrocatechin  could  not 
be  made  with  chloride  of  iodine  acting  on  pyrocatechin,  the 
following  unsuccessful  experiments  were  tried  with  other  pro- 
cesses :  Iodine  was  allowed  to  act  on  pyrocatechin  either 
alone  or  with  iodic  acid,  plumbic  oxide,  or  mercuric  oxide,  in 
solution  in  water,  alcohol,  ether,  or  acetone,  cold  or  hot,  but 
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without  any  formation  of  tetraiodpyrocatechin.  With  iodic 
acid  the  pyrocatechin  was  charred  ;  with  the  metallic  oxides 
there  was  no  action.  Fuming  sulphuric  acid  and  iodine  de- 
composed the  pyrocatechin.  Tetrachlorpyrocatechin,  in  alco- 
holic solution,  was  boiled  for  2  days  with  potassic  iodide,  with- 
out action.  Pyrocatechin  diacetate  gave,  with  chloride  of 
iodine,  the  same  results  as  pyrocatechin  itself. 

Cambridge,  Mass., 
March  20,  1906. 


THE  COMBUSTION   OF   HAI.OGEN   COMPOUNDS   IN 
PRESENCE  OF  COPPER  OXIDE. 

By  Charles  J.  Robinson. 

In  the  course  of  some  work  by  J.  Bishop  Tingle  and  the 
author  of  this  note,  occasion  arose  for  determining  carbon  and 
hydrogen  in  certain  compounds  containing  a  halogen,  and  an 
attempt  was  made  to  do  away  with  the  necessity  for  preparing 
a  combustion  tube  filled  with  lead  chromate  by  suitably  modi- 
fying the  ordinary  tube  containing  copper  oxide.  This  pur- 
pose was  accomplished  simply  and  satisfactorily  in  the  follow- 
ing manner : 

A  cartridge,  similar  to  that  employed  by  Morse  and  Taylor^ 
in  the  analysis  of  sulphur  compounds,  was  made  by  rolling  a 
small  piece  of  heavy  copper  wire  gauze  into  the  form  of  a  hol- 
low cylinder,  which  was  only  6  or  7  cm.  long,  and  just  fitted 
into  the  combustion  tube.  The  cylinder  was  filled  with  pure 
lead  chromate,  the  ends  closed  by  wrapping  with  copper 
wire,  which  also  passed  lengthwise  through  the  cartridge,  and 
was  looped  at  each  end  to  facilitate  removal  from  the  tube. 
The  copper  parts  were  oxidized  by  ignition.  When  it  was  de- 
sired to  analyze  halogen  compounds,  this  cartridge  was  placed 
just  in  front  of  the  boat,  in  a  combustion  tube  filled  in  the 
ordinary  way  with  copper  oxide.  In  burning,  care  was  taken 
that  the  part  of  the  tube  containing  the  cartridge  was  well 
heated  before  decomposition  of  the  substance  began,  but  no 
other  special  precautions  were  found  necessary.  If  the  space 
in  the  tube,  or  the  decomposition  temperature  of  the  substance 

1  This  Journal,  33,  602. 
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to  be  analyzed  demand  it,  the  oxidized  spiral  in  front  of  the 
boat  should,  of  course,  be  removed  and  the  cartridge  be  al- 
lowed to  occupy  its  place. 

The  advantages  gained  by  the  use  of  this  device  are  that 
combustions  of  halogen  compounds  can  be  made  just  as  readily 
as  combustions  of  ordinary  compounds,  and  that  the  same  tube 
can  be  used  for  both.  The  cartridge  may  be  removed  or  not, 
as  the  operator  pleases,  to  make  ordinary  analyses  subsequent 
to  analyses  of  substances  containing  halogens.  The  same  cart- 
ridge may  be  used  repeatedly,  but  no  statement  can  be  made  as 
to  the  number  of  times  it  can  be  employed  safely  without  re- 
newal, because  of  the  great  variation  in  content  of  halogen  in 
dififerent  compounds.  The  life  of  the  tube  itself  is  not  affected 
as  it  is  when  the  tube  is  entirely  filled  with  lead  chromate. 

The  method  has  been  found  to  be  so  completely  satisfactory 
that  it  is  judged  decidedly  preferable,  in  very  many  cases,  to 
determine  carbon  and  hydrogen  rather  than  halogen  for  the 
identification  of  new  compounds.  The  time  required  for  the 
analysis  is  much  shorter,  and  the  figures  for  the  content  of 
carbon  and  hydrogen  in  complex  bodies  are  usually  much  more 
distinctive  than  those  for  the  content  of  halogen. 

No  special  experiments  have  been  conducted  to  test  the 
method,  but  the  analyses  given  below  were  made  in  the  course 
of  the  investigation  referred  to.  The  substances  analyzed  are 
products  of  the  action  of  />-bromphenylhydrazine  on  camphor- 
oxalic  acid.  Only  the  one  determination  of  carbon  and  hydro- 
gen was  made  in  each  case. 

I.  A  compound  CjgHjjO^N.Br,  melting  at  149°  with  decom- 
position. 

0.2409  gram  substance  gave  0.4603  gram  COj  and  0.1150 
gram  H^O. 

Calculated.  Found. 

C  52.53  52.14 

H  5.63  5-34 

II.  A  compound  CigH^iOjN^Br,  melting  at  172°  with  decom- 
position. 

0.2135  gram  substance  gave  0.4308  gram  CO,  and  0.0982 
gram  H^O. 
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Calculated.  Found. 

C  54-94  55-03 

H  538  5.15 

III.  A  compound  CjoH^jO^N^Br,  m.  p.  107°. 

0.2125  gram  substance  gave  0.4624  gram  CO^  and  0.1045 
gram  H^O. 

Calculated.  Found. 

C  59.52  59-35 

H  5.75  5-50 

IV.  A  compound,  CigHiaOjN^Br,  melting  at 2 15°  with  decom- 
position. 

0'i937  gram  substance  gave  0.4095  gram  CO,  and  0.0923 
gram  Hfi. 

Calculated.  Found. 

C  57.58  57.66 

H  5.IO  5.33 

The  method  has  also  been  applied  to  the  determination  of 
nitrogen  in  halogen  compounds.  The  cartridge  of  lead  chro- 
mate  is  placed  just  in  front  of  the  substance  to  be  burned,  and 
the  latter  is  mixed  with  lead  chromate.  Otherwise  the  tube  is 
filled  in  the  ordinary  way  with  copper  oxide.  The  results  ob- 
tained are  shown  in  the  following  analysis  : 

I.  The  compound  CigH^iOsN^Br. 

0.2624  gram  substance  gave  16.2  cc.  N,  at  19°  and  758  mm. 

Calculated.  Found. 

N  7.14  7.08 

The  determination  of  carbon  and  hydrogen  in  sulphur  com- 
pounds could,  doubtless,  be  accomplished  in  the  same  manner, 
in  the  presence  of  copper  oxide,  but  no  experiments  have  been 
made  in  this  direction. 

Johns  Hopkins  University, 
April,  1906. 


OBITUARY. 

PIEJRRB  CURIE. 

Professor  Pierre  Curie  was  born  May  15,  1859,  and  was 
knocked  down  and  killed  by  a  wagon  in  Paris,  April  19,  1906. 
Curie  received  his  education  in  Paris  and  in  1895  obtained  the 
degree  of  Doctor  of  Science  from  the  University  there.  At 
the  time  of  his  death  he  was  professor  of  general  physics  at 
the  Ecole  Municipale  de  physique  et  de  chimie  industrielles, 
professor  of  physics  in  the  Faculty  of  Sciences,  University  of 
Paris,  and  member  of  the  Academie  des  Sciences  of  the  Insti- 
tute of  France.  He  was  also  an  honorary  member  of  various 
foreign  scientific  societies.  This  is  not  the  place  to  detail 
Curie's  purely  physical  work ;  to  chemists  he  is  best  known  by 
his  researches  in  the  field  of  radio-activity.  His  earliest  paper 
on  this  subject  appeared  in  1898  ;  it  was  written  in  conjunction 
with  Madame  Curie  and  led  her  to  the  discovery  of  polonium 
and  radium.  Curie  was  the  first  to  observe  that  radium  con- 
stantly evolves  heat  and  he  measured  its  amount.  He  also 
showed  that  the  radiations  of  radium  consist  of  two  kinds  ;  he 
determined  the  emanating  power  of  radium  compounds  and, 
following  Ramsay,  proved  that  helium  is  produced  from 
radium. 


REPORTS. 
A  New  Oxide  of  Carbon,  C/)^.     Carbon  Suboxide. 

What  is,  in  many  respects,  one  of  the  most  interesting  dis- 
coveries which  has  been  made  for  several  years,  has  recently 
been  announced  from  E.  Fischer's  laboratory  by  Otto  Diels  and 
Bertram  Wolf.^  By  the  action  of  phosphorus  pentoxide  on 
ethyl  malonate  vapor  at  about  300°,  in  an  apparatus  of  special 
construction,  they  have  succeeded  in  obtaining  an  anhydride 
of  malonic  acid. 

In  view  of  what  is  known  of  the  action  of  phosphorus  pent- 
oxide  on  esters,  one  or  the  other  of  the  following  equations 
must  represent  its  action  on  ethyl  malonate  : 

.CO. 

CH,(C0AH5),     ^^     2C,H,  +  H,0  +  CH  /        >0  ; 

\co/ 

Ber.  d.  chem.  Ges.,  39,  689  (1906). 
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CH.CCOAHs),    s-^     2C,H,  +  2H,0  4-  OC  :  C  :  CO. 

That  the  new  compound  is  formed  according  to  the  second 
equation  is  proved  by  its  vapor  density,  composition  and  prop- 
erties. 

Carbon  suboxide  is  a  colorless,  highly  refractive,  volatile 
liquid,  which  boils  at  7°  and  has  an  odor  resembling  that  of 
acrolein  and  oil  of  mustard.  It  rapidly  attacks  the  eyes, 
throat  and  respiratory  organs  and,  when  breathed  in  quantity, 
produces  symptoms  of  sufifocation. 

Chemically,  carbon  suboxide  acts  essentially  as  an  anhydride 
of  malonic  acid,  but  it  also  exhibits  certain  affinities  to  the 
carbonyl  compounds  such  as  Ni(CO)^  and  Fe(C0)5'  and  is  to 
be  regarded  as  carbon  carbonyl.  It  burns  with  a  very  smoky, 
intensely  blue  flame  and  reacts  rapidly  with  water  to  form  ma- 
lonic acid  ;  with  dry  hydrogen  chloride  malonyl  chloride  is 
formed,  while  aniline  and  ammonia  yield  malonanilide  and 
malonamide,  respectively. 

Carbon  suboxide  decomposes  spontaneously  at  15°,  in  the 
course  of  a  day  or  two;  the  liquid  becomes  yellow,  deposits  a  solid, 
darkens  and  finally  is  completely  transformed  into  a  dark  red 
solid.     This  readily  dissolves  in  water  with  an  eosin-red  color. 

At  37°  the  transformation  of  the  carbon  suboxide  is  much 
more  rapid,  the  product  being  very  hard,  and  deep  black-red  in  , 
color.  In  part  it  dissolves  in  water,  giving  a  dark  brown  solu- 
tion. At  100°  the  decomposition  of  carbon  suboxide  is  in- 
stantaneous. These  decomposition  products  are  probably 
similar  to  the  compounds  C^Oj  and  CgOj,  or,  possibly,  they  are 
identical  with  them.  The  two  substances  in  question  were  de- 
scribed by  Brodie  and  by  Berthelot  about  30  years  ago  ;  the 
former  was  prepared  by  the  action  of  a  silent  electric  discharge 
on  carbon  monoxide  and  the  latter  by  heating  C^Og. 

J.  Bishop  Tingle. 

Amino  Acids,  Polypeptides  and  Proteids. 

In  a  lecture  given  recently  before  the  German  Chemical  So- 
ciety, Emil  Fischer^  summarizes  the  results  obtained  from  the 
researches  which  he  has  carried  out  on  the  above  substances  dur- 
ing the  past  6  years.  His  work  began  with  a  study  of  the  amino 
acids  ;  at  that  time  only  9  monamino  acids,  3  diamino  acids, 
and  cystine,  which  contains  sulphur,  had  been  recognized  as 
decomposition  products  of  proteids  ;  8  racemic  modifications  of 
these  monamino  acids  had  been  synthesized. 

The  two  most  general  practical  methods  which  were  known  were 

1  This  Journal,  35,  469  (1906). 

2  Ber.  d.  chem.  Ges.,  39,  530  (1906). 
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the  action  of  ammonia  on  or-halogen  aliphatic  acids  and  that  of 
ammonia  and  hydrogen  cyanide  on  an  aldehyde.  Fischer  has 
improved  the  former  method  by  brominating  alkyl  malonic 
acids,  obtaining  RCBr(COOH)j,  which,  when  heated,  yields  a 
brom  aliphatic  acid.  Among  other  important  compounds, 
a-aminocaproic  acid  (leucine), 

CH3CH,CH,CH,CH(NH,)C00H, 

was  prepared  by  this  method. 

With  the  exception  of  glycocoll,  all  the  amino  acids  ob- 
tained from  proteids  contain  an  asymmetric  carbon  atom  and 
are  optically  active,  but  the  synthetical  products  are,  of  course, 
racemic.  Fischer's  method  of  resolving  these  latter  is  beauti- 
fully simple  ;  the  benzoyl  or  formyl  derivatives  are  prepared  ; 
these  are  strong  acids,  their  salts  with  optically  active  bases 
can  readily  be  separated  by  crystallization  and  the  optically  ac- 
tive form  of  the  original  acid  may  then  be  obtained  by  hy- 
drolysis. The  list  of  optically  active  acids  prepared  in  this 
manner  is  already  lengthy  and  includes  a-aminopropionic 
acid  (alanine),  CH3CH(NH2)COOH,  a-aminocaproic  acid 
(leucine),  CH3CH,CH,CH,CH(NH,)C00H,  /8,^-hydroxy- 
phenyl-a-aminopropionic  acid  (tyrosine), 

HOCjH,CH,CH(NH,)COOH,  etc. 

The  synthesis  of  the  diamino  acids  is  a  much  more  difficult 
problem  than  the  preparation  of  monamino  acids.  Fischer  has  in- 
troduced marked  improvements  into  two  of  the  existing  meth- 
ods. The  following  example  will  serve  to  illustrate  the  first 
one  :  Ethyl  phthaliminopropylmalonate  readily  yields  a  brom 
derivative  which,  when  hydrolyzed  and  heated,  gives  phthal- 
iminobromo valeric  acid, 

C.U/        >NCH,CH,CH,CHBrCOOH, 

\co/ 

by  the  action  of  ammonia  and  the  removal  of  the  phthalyl 
group  a,8-diaminovaleric  acid, 

H,NCH,CH,CH,CH(NH,)COOH, 

is  formed.  A  better  method  for  obtaining  acids  of  this  class 
depends  on  the  action  of  nitrous  acid  on  cyanalkyl  malonates 
thus: 

NCCH,CH,CH,CH(C00C,H5), 

yields 
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NCCH,CH,CH,C(NOH  )  COOC,H,, 

which,  when  reduced  by  means  of  sodium  and  alcohol,  yields 
a,e-diaminocaproic  acid  (racemic  lysine), 

H,NCH,CH,CH,CH,CH  (  NHJ  COOH . 

A  third  method  consists  in  the  addition  of  ammonia  to  acids 
containing  2  ethylene  linkages. 

The  hydroxyamino  acids  having  also  been  found  in  the  de- 
composition products  of  proteids,  it  became  necessary  to  im- 
prove the  available  means  of  obtaining  them  synthetically. 
Fischer  found  that  Strecker's  method,  consisting  in  the  com- 
bined action  of  ammonia  and  hydrogen  cyanide,  could  be  ap- 
plied to  the  hydroxy  aldehydes,  the  resulting  cyanhydrin  be- 
ing then  hydrolyzed.  In  this  manner  a-amino-^-hydroxypro- 
pionic  acid  (serine),  HOCH,CH(NH,)COOH,  was  prepared 
from  glycollic  aldehyde.  The  same  reactions  have  also  been 
used  to  obtain  certain  derivatives  of  galactose  and  arabinose. 

An  extensive  study  had  to  be  made  of  various  derivatives  of 
the  amino  acids  in  order  to  devise  new  processes  for  their  isola- 
tion, recognition,  purification,  separation  and  condensation, 
and  attention  was  naturally  directed  to  the  acyl  derivatives. 
Although  hippuric  acid  is  readily  obtained  from  aminoacetic 
acid,  benzoyl  chloride  and  sodium  hydroxide,  this  method  is 
not  applicable  to  the  majority  of  amino  acids,  but  the  use  of 
sodium  bicarbonate  instead  of  the  hydroxide  frequently  gives 
good  results.  Formyl  derivatives  can  be  obtained  even  more 
readily  by  boiling  the  amino  acid  with  anhydrous  formic  acid.  The 
use  of  these  acyl  derivatives  for  the  resolution  of  racemic  com- 
pounds has  been  mentioned  above.  Acetyl  derivatives  are  not 
very  satisfactory,  but  benzenesulphonic  chloride  and,  particu- 
larly, /8-naphthalenesulphonic  chloride  have  proved  to  be  of 
great  value  in  the  separation  of  mixtures  of  amino  acids,  un- 
fortunately, however,  the  resulting  sulphonyl  derivatives  are 
only  hydrolyzed  with  diflSculty.  Phenylisocyanate  and 
or-naphthylisocyanate  frequently  yield  derivatives  of  the  amino 
acids  which  crystallize  readily. 

The  first  important  work  on  the  esters  of  amino  acids  was 
done  by  Curtius,  who  demonstrated  their  ease  of  formation  by 
the  action  of  alcohol  and  hydrogen  chloride,  and  studied  a  few 
of  their  reactions.  Fischer  found  that  many  of  these  esters 
could  be  readily  isolated  from  the  ester  hydrochlorides  by  the 
action  of  alkali,  at  low  temperatures,  and  that  the  free  esters 
thus  obtained  could  be  employed  for  the  separation  and  purifi- 
cation of  the  amino  acids,  partly  on  account  of  differences  in 
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boiling  point  under  greatly  reduced  pressure,  partly  from  their 
varied  solubility.  These  esters,  unlike  the  acids,  have  basic 
properties  only  and  are  highly  reactive,  derivatives  have  been 
obtained  of  some  of  them  with  acid  chlorides,  anhydrides, 
halogen alkyls,  isocyanates,  alkylthiocarbimides  (mustard  oils), 
aldehydes,  ketones,  carbon  bisulphide,  carbonyl  chloride  and 
ammonia.  Certain  of  these  compounds  are  of  considerable  in- 
terest, but  of  even  greater  importance  was  the  preparation  of 
the  chlorides  of  such  amino  acids,  because  these  chlorides 
could  be  used  in  the  synthesis  of  polypeptides.  After  many 
unsuccessful  eflForts,  it  was  found  that  the  desired  result  could 
be  obtained  by  the  action  of  phosphorus  pentachloride,  in 
acetyl  chloride  solution,  on  the  finely  divided  acid  hydrochlor- 
ide. This  reaction  has  only  been  applied  to  acids  with  one 
amino  and  one  carboxyl  group  ;  it  has  uniformly  succeeded 
with  them,  but,  oddly  enough,  it  fails  absolutely  with  amino- 
acetic  acid  which  has  been  crystallized  from  water,  no  matter 
how  completely  the  acid  may  be  subsequently  powdered  and 
dried.  The  products  have  the  formula  RCHCNHgCOCOCl. 
Diamino  and  hydroxyamino  acids  give  phosphorus  derivatives 
under  the  above  conditions. 

Fischer  gives,  in  some  detail,  the  processes  he  has  found  to 
be  of  most  service  in  the  separation  of  individual  acids  from 
mixtures.  The  first  step  is  to  esterify,  by  the  method  already 
referred  to,  and  then  to  fractionate  under  greatly  reduced 
pressure,  down  to  0.5  mm.  This  not  only  effects  a  fairly  good 
separation  of  individual  esters,  but  serves  to  remove  inorganic 
substances,  complicated  amino  and  hydroxyamino  acids  and 
polypeptides.  The  individual  fractions  are  then  further  differen- 
tiated by  means  of  their  own  varied  solubility,  by  that  of  the 
free  acids,  by  the  use  of  phenylisocyanate,  or  by  the  preparation 
of  naphthalenesulphonic  acid  derivatives,  etc.  The  diamino 
acids,  as  is  well  known,  are  usually  separated  by  means  of 
phosphotungstic  acid,  but  this  method  must  be  used  with  care 
or  they  will  be  contaminated  by  monoamino  compounds.  The 
first  section  of  the  lecture  concludes  with  a  summary  of  the 
methods  of  separation  used  for  more  than  30  of  the  more  im- 
portant compounds,  together  with  full  references  to  the  litera- 
ture. 

The  second  part  of  the  lecture  is  devoted  to  the  polypep- 
tides, i.  e.,  amide  derivatives  of  amino  acids.  The  simplest 
representative  of  this  class  of  substances  is  glycylglycine, 

H.NCH^CONHCHjCOOH  ; 

the  prefixes  di,   tri,  tetra,  etc.,   indicate  the  number  of  acid 
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radicles  present  in  any  such  compound.  The  term  "peptide" 
is  derived  from  peptone.  Fischer  regards  his  synthetic  poly- 
peptides as  very  closely  related  to  natural  peptones,  indeed  he 
believes  that  these  latter  consist,  essentially,  of  mixtures  of 
polypeptides. 

The  synthetical  products  allied  to  polypeptides,  which  had 
been  obtained  before  Fischer  began  his  work,  were  amorphous 
and  poorly  characterized.  Curtius'  open  chain  compounds 
were  well  defined  and  crystalline,  but  they  all  contained  the 
benzoyl  group  ;  however,  he  succeeded  in  obtaining  the  sim- 
plest diketopiperazine, 

/CH.COv 
NH<  >NH, 

^coch/ 

from  ethyl  aminoacetate,  a  matter  of  great  importance  for  the 
chemistry  of  the  dipeptides.  The  following  synthetical  meth- 
ods have  been  employed  in  Fischer's  work,  some  have  been  de- 
vised by  him,  others  were  already  known  : 

(/)  Synthesis  of  Polypeptides  from  Diketopiperazines. 
Synthesis  of  Diketopiperazines.  —  (i)  Dehydration  of  amino 
acids  by  heating  them  in  a  current  of  carbon  dioxide  or 
hydrogen  chloride  : 

/CH.COv 
2C6H5NHCH,COOH     s-^     CsH^N^  >NCeH,. 

\coch/ 

Diph  enyldiketopiperazi  n  e . 

(ii)  Transformation  of  the  esters  of  amino  acids  in  aqueous 
solution  : 

/CH.COv 
2NH,CH,COOC,H5     5^^     NH<  >NH  +  2C,HeO. 

^COCH/ 

(iii)  The  action  of  ammonia  on  the  esters  of  amino  acids 
which  contain  an  a-halogenated  acyl.  Thus,  ethyl  chloracetyl- 
ar-aminopropionate  (chloracetylalanine  ester)  gives  methyl  di- 
ketopiperazine, 

ClCH,CONHeH(CH3)COOC,H5  +  2NH3    b^ 

/CH.CO \ 

NH<  >NH  +  NH.Cl  +  C,H,0. 

^COCHCCHj 


.,>> 
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This  method  is  widely  applicable  and  of  great  practical  im- 
portance. 

These  diketopiperazines  are  converted  into  dipeptides  when 
hydrolyzed  by  means  of  hydrochloric  acid  or  alkali,  the  latter 
being  preferable  and,  indeed,  essential  in  the  case  of  the  more 
complicated  members  of  the  series. 

(//)  Synthesis  of  Polypeptides  by  Means  of  Esters .—^his 
promises  to  be  of  considerable  use  in  the  production  of  com- 
plicated compounds  ;  the  nature  of  the  reaction  is  shown  by 
the  production  of  the  methyl  ester  of  hexapeptide  from  the 
methyl  ester  of  diglycylglycine  : 

2NH,CH,CONHCH,CONHCH,COOCH3    s-^ 

NH,CH,C0(NHCH,C0),NHCH,C00CH3  +  CH,0. 

(///)  Synthesis  of  Polypeptides  by  Halogen  Acyl  Derivatives. — 
A  halogen  acyl  is  introduced  into  an  amino  acid  and  the  prod- 
uct, or  its  ester,  treated  with  ammonia  : 

C1CH,C0NHCH,C00H  +  2NH3    ^^ 

NH,CH,CONHCH,COOH  +  NH.Cl. 

The  glycylglycine  thus  obtained  may  be  again  treated  with  a 
halogen  acyl  chloride  and  the  process  repeated ;  this  has  al- 
ready led  to  the  production  of  pentapeptides  and  there  is,  as 
yet,  no  sign  of  any  limit  being  reached.  A  little  consideration 
will  show  the  enormous  number  of  compounds  which  are  ren- 
dered accessible  by  this  method. 

{IV.)  Synthesis  af  Polypeptides  by  Linkage  to  the  Carboxyl 
Group. — In  its  results  this  may  be  regarded  as  an  extension  of 
the  preceding  method.  Halogen  acyl  amino  acids  are  treated 
with  phosphorus  pentachloride,  in  acetyl  chloride  solution  ;  the 
resulting  acid  chloride  readily  reacts  with  the  esters  of  amino 
acids  or  with  polypeptides  ;  the  product  is  hydrolyzed  and 
treated  with  ammonia  and  a  new  polypeptide  obtained.  Thus, 
a:-bromisocaproylglycine  (isobutyl  8-bromacetylglycine)  with 
ethyl  aminoacetate  gives,  finally,  leucylglycylglycine  : 

C.HgCHBrCONHCH.COOH     ^^ 

C.H^CHBrCONHCH.COCl     ^-^ 

C,H3CHBr(CONHCH,),CO,C,H5    s^ 

C,H,CH(NH,)  (CONHCH,),COOH. 

This  method  is  also  capable  of  wide  application. 

Natural  proteids  and  their  decomposition  products,  such  as 
albumoses,  peptones,  etc.,  are  all  optically  active,  therefore  the 
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synthesis  of  optically  active  polypeptides  is  a  matter  of  consid- 
erable importance  and  interest.  Of  various  methods  which 
have  been  tried,  the  one  which  appears  to  be  of  the  most 
general  utility  is  by  the  use  of  the  chlorides  of  active  amino 
acids  (vide  p.  540). 

Up  to  the  present  time  about  70  polypeptides  have  been 
synthesized ;  the  most  complicated  is  the  hepta  derivative, 
leucylpentaglycylglycine. 

The  structure  of  polypeptides  and  of  diketopiperazines  is 
anything  but  a  simple  matter.  To  prove  that  they  consist  of 
amino  acids  with  amide  linkages  by  no  means  exhausts  the 
subject,  as  shown  by  the  fact  that  there  exists  no  method  for 
distinguishing  between  the  following  4  formulae  for  glycylgly- 
cine  : 

H,NCH,CONHCH,COOH  ; 

H3NCH,C0NHCH,C00  ; 

I 1 

H,NCH,C(OH)  :  NCH.COOH  ; 

H3NCH,C(0H)  :  NCH.COO. 

I 1 

For  the  sake  of  simplicity,  the  first  formula  has  been  assumed 
in  all  the  work  that  has  been  published  up  to  the  present. 
The  possible  complications  of  structure  are,  of  course,  greater 
in  the  case  of  the  aminodicarboxylic  and  the  diamino  acids. 

A  peculiar  kind  of  isomerism  has  been  observed  with  some 
compounds,  thus  glycylglycinecarboxylic  acid, 

HO,CNHCH,CONHCH,CO,H, 

yields  2  neutral  esters. 

Finally,  it  may  be  pointed  out  that  2, 5-diketopiperazine  itself 
may  have  3  possible  structures,  represented  by  the  formulae  : 

/COCH,\  /.C(OH)CH,v 

HN<  >NH;  N^  >N ; 

\CH,CO/  \CH,C(OH)^ 

,C(OH)CH,s 

■>NH. 


A  most  interesting  discussion  of  the  configuration  of  poly- 
peptides and  of  the  2,5-diketopiperazines  is  given  in  the  lec- 
ture, but  space  will  not  permit  of  its  reproduction  ;  it  will  suf- 
fice  to   say  that  the  new  compounds   offer  an    unparalleled 
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wealth  of  material  for  tevSting  the  general  theory  of  optically 
active  carbon  compounds  ;  hitherto  the  results  which  have  been 
obtained  are  in  strict  agreement  with  the  current  theory. 

The  second  part  of  the  lecture  concludes  with  an  account  of 
the  general  properties  and  reactions  of  polypeptides ;  allusion  to 
the  more  important  of  these  has  been  made  in  the  foregoing 
pages. 

Fischer  devotes  the  third  part  of  his  lecture  to  the  proteids, 
and  gives  first  a  rather  full  description  of  his  "ester  method" 
for  the  separation  of  the  products  of  acid  hydrolysis.  Briefly, 
this  consists  in  hydrolyzing  the  proteid  with  hydrochloric  acid 
and  esterifying  the  highly  concentrated  product  by  means  of 
alcohol  and  hydrogen  chloride,  the  resulting  esters  being  sepa- 
rated, first  by  distillation  under  greatly  reduced  pressure,  then 
bj'  special  methods  which  have  been  referred  to  in  the  earlier 
pages  of  this  report.  Detailed  directions  are  given  for  the  iso- 
lation and  identification  of  the  more  frequently  occurring 
monamino  acids. 

The  most  important  result  of  the  employment  of  the  ester 
method  has  been  the  comparatively  easy  isolation,  from  the 
hydrolysis  products  of  proteids,  of  constituents  which  had 
previously  been  overlooked,  or  which  could  only  be  separated 
when  they  v,;ere  present  in  relatively  large  quantity.  A  list  is 
given  of  21  proteids  which  have  been  investigated  in  this  man- 
ner by  Fischer  and  his  students.  He  has  also  examined  the 
products  of  the  action  of  ferments,  such  as  pepsin  and  pancrea- 
tin,  on  proteids  and  has  investigated  the  substances  obtained  by 
the  hydrolysis  of  casein  by  means  of  potassium  hydroxide. 

In  considering  the  constitution  of  the  proteids,  the  question 
has  been  raised  as  to  whether  the  amino  acids  which  result 
from  their  fermentative  decomposition  are  preformed  in  the 
molecule  ;    Fischer  is  firmly  of  the  opinion  that  they  are. 

His  work  on  the  peptones  and  albumoses,  so  far  as  it  has 
progressed,  shows  that  the  substances  formed  by  their  resolution 
are  essentially  similar  to  those  from  the  proteids,  other  chemists 
who  have  investigated  this  subject  and  who  have  obtained  some- 
what different  results,  have  always  attempted  to  separate  their 
products  by  precipitation,  a  method  which  is  quite  inadequate. 

Regarding  the  structure  of  the  proteids  but  little  can  be  said; 
undoubtedly  the  connection  of  the  amino  acids  with  the  proteid 
molecule  is  by  an  amide  linkage,  but  to  admit  this  is  far  from 
exhausting  the  possibilities  ;  probably  there  are  piperazine 
rings,  which  are  known  to  open  very  easily,  while  the  hydroxyl 
groups  of  the  hydroxyamino  acids  undoubtedly  play  an  im- 
portant part  in  the  structure  and  reactivity  of  the  proteids. 
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Kossel's  suggestion  that  all  albuminoid  compounds  contain  a 
"protamine  nucelus"  is  hardly  supported  by  the  general  re- 
sults of  Fischer's  work. 

It  is  abundantly  evident  that  the  territory  which  Fischer  has 
entered  will  require,  for  its  comparatively  complete  exploita- 
tion, the  combined  labor  of  numerous  chemists  extending  over 
many  years,  and  that  it  will  involve  the  preparation  of  an 
enormous  number  of  new  compounds,  the  question  arises, 
therefore — Will  the  results  be  likely  to  justify  this  expendi- 
ture of  time,  money  and  energy  ?  Perhaps  the  most 
important  effect  of  such  researches  will  be  that  the  ex- 
perience and  knowledge  gained  in  the  investigation  of  the 
synthetical  compounds,  may  permit  of  the  isolation  and  arti- 
ficial preparation  of  the  constituents  of  natural  peptones  and 
albumoses,  in  a  manner  similar  to  the  production  of  glycine- 
d-alanine  anhydride  from  silk,  which  is  the  first  example  of 
such  a  result.  This  phase  of  the  work  alone  will  involve  an 
enormous  amount  of  work,  on  account  of  the  varied  composition 
of  the  different  proteids.  The  synthetical  production  of  the  true 
albumins  is  a  problem  of  very  much  greater  difficulty  and,  for  its 
solution, entirely  new  methods  of  attack  will  have  to  be  discov- 
ered. Even  when  this  has  been  accomplished  the  further  question 
will  arise  as  to  the  value  of  the  results  to  biology.  Undoubt- 
edly their  worth  will  depend  on  the  method  of  synthesis  employed. 
Should  the  production  of  the  new  compound  depend  on  a  mere 
accident,  such,  for  example,  as  the  production  of  a  proteid 
identical  with  one  found  in  nature,  by  fusing  an  amino  acid 
with  a  dehydrating  agent,  the  result  would  be  of  but  little 
value  to  the  chemistry  of  the  albumins  and  of  practically  none 
to  biology.  The  slower  method,  however,  attended  with  a 
thorough  exploration  of  the  properties  of  the  individual  com- 
pounds, should  go  far  to  clear  up  the  behavior  of  proteids,  fer- 
ments,  toxins,  etc.  J.  bishop  Tingle. 
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Conversations  on  Chemistry.  First  Steps  in  Chemistry.  By  W. 
OSTWALD,  Professor  of  Chemistry  in  the  University  of  I^eipzig. 
Authorized  translation  by  Stuart  K.  Turnbull.  Part  II.  :  The  Chem- 
istry of  the  Most  Important  Elements  and  Compounds.  First  edition, 
first  thousand.  New  York  :  John  Wiley  &  Sons  ;  I^ondon  :  Chapman 
&  Hall.     1906.     Price,  $2.00. 

The  first  volume  of  this  book,  treating  of  general  chemistry, 
was  recently  reviewed  in  this  Journal.'     In  the  present  vol- 
ume Ostwald  talks  of  the  elements  and   their  compounds,  of 
J  This  Journal,  34,  255. 
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acids  and  bases,  of  combining  weights  and  gaseous  volumes, 
as  well  as  of  atoms  and  molecules  and  of  electrolytes.  These 
and  other  matters  are  fully,  admirably  and  luminously 
treated — from  his  point  of  view. 

Teachers  of  chemistry  who  realize  how  diflBcult  it  is  to  pre- 
sent chemical  fact  and  theory,  in  the  lecture  room  or  labora- 
tory, in  a  really  clear  and  simple  way,  will  do  well  to  read  this 
book  with  close  attention  ;  it  is  profitable  to  study  the  author's 
methods  of  presentation,  and  especially  profitable  when  his 
method  differs  essentially  from  that  in  common  use.  His  ex- 
planation of  the  atomic  theory  and  of  gaseous  volumes  is  par- 
ticularly interesting  and  clever.  To  quote  a  few  sentences,  re- 
ferring to  the  law  of  combining  weights  : 

Master — "  What  then  requires  explanation  in  this  law?" 

Pupil — ' '  Really  nothing  ;  but  I  thought  there  might  per- 
haps be  something  especial  in  the  background  behind  such  a 
remarkable  law." 

M. — "Just  so  !  Of  course  this  is  quite  a  childish  idea  like 
that  of  the  peasant  who,  when  they  tried  to  explain  the  loco- 
motive to  him,  said  :  '  I  understand  all  that  very  well  ;  but 
then,  where  really  is  the  horse  which  drags  all  these  wagons  ?' ' ' 

P. — "  Ha,  ha,  ha  !     He  was  stupid  !" 

M. — "  Not  so  very.  He  had  no  experience  of  the  fact  that 
we  can  set  a  wagon  in  motion  otherwise  than  with  a  horse 
yoked  on  in  front,  and  therefore  he  supposed  that  he  would  be 
able  to  understand  the  locomotive  only  after  they  had  showed 
him  the  hidden  horse.  In  point  of  fact,  chemists  have,  for  the 
last  hundred  years,  assumed  that  there  is  such  a  hidden  horse 
in  the  law  of  combining  weights." 

P.  —  "A  horse  !     What  does  that  mean  ?" 

M. — "I  speak  figuratively.  I  mean  that  formerly  it  was 
necessary  just  in  the  same  way  for  people  to  assume  some  such 
cause  as  regards  the  law  of  combining  weights  ;  because  with- 
out it  they  could  not  put  into  expression  the  existence  of  such 
a  law, — -just  as  the  peasant  could  not  express  to  himself  the 
idea  that  a  train  can  get  in  motion  without  a  horse." 

P. — "Then  what  does  the  chemical  horse  look  like?" 

M. — "  You  know  already  ;  it  is  the  atom." 

What  the  master  says  is  always  well  put,  but  the  objection- 
able pupil  is  always  "  butting  in,"  as  he  would  say  were  he  an 
American  pupil.  The  author  should  rewrite  the  book  and 
eliminate  him,  for  he  has  no  semblance  of  a  live  boy,  but  is  an 
automaton,  wound  up  to  put  the  desired  question  at  the  proper 
moment,  to  be  preternaturally  acute  when  this  acuteness  acts 
as  a  foil  to  the  thickheadedness  of  ' '  other  chemists, "  to  be  pre- 
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ternaturally  dull  when  especial  emphasis  and  repetition  is  de- 
sired, and  to  throw  in  a  slang  expression,  or  would-be  naive  re- 
mark every  few  pages. 

While  the  function  of  the  pupil  was  doubtless  suggested  by 
Socratic  dialogue,  his  actual  performance  is  largely  that  of 
Jules  Verne's  comic  Frenchman.  Readers  of  Jules  Verne  will 
recognize  that  his  different  books  are  made — in  the  literary 
sense — by  one  receipt ;  among  the  ingredients  are  the  scien- 
tific man,  who  doles  out  the  science  which  justifies  the  trip  to 
the  moon  or  elsewhere,  or  whiles  away  the  time  en  route,  and 
the  comic  Frenchman,  whose  function  is  to  enliven  the  science 
of  the  scientific  man  by  jokes  and  gambols  ;  and  this  is  often 
the  function  of  the  pupil ;  in  Ostwald's  words,  he  is  to  render 
the  book  "  penetrating  and  lively." 

In  the  review  of  the  first  volume  the  reviewer  attempted  to 
thus  benefit  his  review  by  quoting  the  pupil's  quips.  On  the 
same  principle  he  ventures  to  enliven  the  close  of  the  present 
review  by  the  merry  jest  which  lies  in  the  last  words  of  the 
master  : 

P,  — "  Tell  me  could  I  not  get  some  book  to  read  as  a  prepa- 
ration for  my  future  studies  ?' ' 

M. — "  I  see  ;  your  talk  about  preparation  is  merely  an  ex- 
cuse to  find  out  what  lies  beyond.  However  I  have  no  objec- 
tions to  make  ;  self-chosen  work  usually  gives  not  only  more 
pleasure,  but  better  results  than  a  set  task.  At  the  present 
day  we  are  rather  awkwardly  situated  as  regards  chemical  text- 
books. During  the  last  15  years  a  great  change  has  sprung  up 
in  our  views  and  acceptance  of  science,  and  most  of  our  litera- 
ture is  written  in  accordance  with  earlier  ideas.  I  have  di- 
rected your  studies  along  the  lines  of  modern  thought,  and  to 
unlearn  them  by  changing  to  the  old  style  would  cause  you  a 
great  deal  of  unnecessary  difficulty.  So  there  is  really  only 
one  book  I  can  recommend  to  you  as  being  quite  up  to  date  ; 
it  is  '  Outlines  of  General  Chemistry,'  by  W.  Ostwald.  The 
subject  matter  is  more  difficult  than  what  you  have  been  accus- 
tomed to  ;  but  it  will  answer  many  of  the  questions  whose  ex- 
planations I  have,  so  far,  had  to  reserve." 

P. — "  That  is  just  the  book  I  want." 

Oh,  Disciples  of  the  Master  !  Bearers  of  light  into  dark 
places  !  Preachers  and  Publishers  of  the  Word  to  "other  chem- 
ists! "     Is //liy  your  reward  ?  E.  R. 

Chkmie  der  Ai^icykIvISChen  Verbindungen.    Von  Ossian  Aschan, 
A.  O.  Professor  an  der  Universitat  Helsingfors.     Braunschweig :  Fr. 
Vieweg  und  Sohn.     1905.     pp.  xlvi  +  1164.     Price,  M.  40. 
This  admirable  work,  which  is  dedicated  to  Professor  von 
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Baeyer,  in  celebration  of  his  seventieth  birthday,  was  planned 
as  the  result  of  the  author's  labors  on  the  last  German  edition 
of  the  organic  portions  of  Roscoe  and  Schorlemmer's  "  Trea- 
tise." The  scope  and  nature  of  the  book  can  best  be  shown 
by  an  abstract  of  the  table  of  contents.  The  general  part  (I.) 
comprises  386  pages,  divided  as  follows  :  Introductory,  pp.  7  ; 
Theoretical  development  of  the  chemistry  of  alicyclic  com- 
pounds, pp.  228,  divided  into  12  chapters;  Influence  of  ring 
formation  on  the  chemical  nature  of  alicyclic  compounds,  pp. 
26,  2  chapters  ;  Influence  of  ring  formation  on  the  physical 
properties  of  alicyclic  compounds,  pp.  65  ;  The  stereochemis- 
try of  alicyclic  compounds,  pp.  60,  4  chapters.  The  special 
part  (II.)  of  778  pages,  is  devoted  to  the  Methods  of  formation 
and  preparation  of  the  alicyclic  compounds,  arranged  system- 
matically,  pp.  39,  10  chapters  ;  Monocyclic  compounds,  pp. 
459,  6  chapters;  Bicyclic  compounds,  pp.  213,  6  chapters; 
Tri-  and  Poly  cyclic  compounds,  pp.  36.  The  index,  pp.  30,  is 
admirably  full.  Only  an  extensive  use  of  the  book  can  show 
how  far  it  has  been  possible  to  exclude  errors;  at  the  most  they 
can  but  be  of  a  trifling  nature. 

The  plan  of  writing  monographs  on  special  branches  of 
chemistry  is  an  entirely  good  one,  especially  if  the  author  is 
an  acknowledged  authority  on  the  subject,  as  in  the  present  case, 
but,  for  complete  success,  it  is  necessary  that  the  collection  of 
material  should  be  as  exhaustive  as  possible  and  that  it  should  be 
clearly  and  systematically  arranged,  the  style  should  be  attrac- 
tive and,  wherever  it  can  be  done,  the  gaps  in  our  present  knowl- 
edge of  the  subject  should  be  indicated  and  fresh  lines  of  re- 
search suggested.  Judged  by  all  these  criteria,  the  volume  un- 
der review  is  an  unqualified  success  ;  the  author's  name  is  a 
thorough  guarantee  of  his  competency  for  the  work ,  and  the  brief 
synopsis  given  above  shows  how  completely  the  subject  has 
been  covered  and  how  admirably  the  material  has  been  ar- 
ranged. As  an  indication  of  the  amount  of  labor  involved,  it 
may  be  mentioned  that  the  book  includes  more  than  5,000  cita- 
tions, which  are  brought  down  to  August,  1905.  The  style  of 
the  book  is  most  pleasing — there  is  nothing  of  the  ' '  dry-  as-dust' ' 
order  about  it.  The  first  12  chapters,  dealing  with  the  general 
theory  of  alicyclic  compounds,  treat  the  subject  historically 
and  are  extremely  fascinating  reading.  The  author  points  out 
the  urgent  need  for  more  work  on  the  physical  properties  of 
these  compounds,  in  many  cases  no  data  whatever  are  availa- 
ble, and  frequently  the  statements  in  the  literature  are  incorrect 
and  contradictory.  In  other  parts  of  the  book,  too,  lines  of  fruit- 
ful inquiry  are  indicated.     This  volume  may  serve  as  a  model 
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of  what  such  a  work  should  be  ;  the  author  has  placed  his  fel- 
low-chemists under  a  debt  of  gratitude  by  producing  it,  and  he 
is  to  be  warmly  congratulated  on  its  successful  completion. 

J.  B.  T. 

Die  Ei.EkTroi,yse  geschmolzener  Salze.  Zweiter  Teil :  Das  Gesetz 
von  Faraday  ;  Die  Uberfiihrung  und  Wanderung  der  lonen  ;  Das 
Leitvermogen.  Von  Richard  Lorenz.,  Dr.  phil.,  o.  Professor  fiir 
elektrochemie  und  physikalische  Chemie  am  eidg.  Polytechnikum  in 
Zurich.  Mit  59  in  den  Text  gedruckten  abbildungen.  Halle  a.  S.  : 
Druck  and  verlag  von  Wilhelm  Knapp.     1905.     pp.  257.      Price,  M.  8. 

This  book,  which  is  Volume  21  of  the  "  Monographs  on  Ap- 
plied Electrochemistry,"  deals  with  a  subject  which  is  some- 
what removed  from  the  ordinary — the  electrolysis  of  fused 
salts.  It  has  long  been  known  that,  at  elevated  temperatures, 
dissociation  into  ions  takes  place,  and  that  fused  salts  conduct 
the  current.  The  literature  on  this  subject  has,  until  the  pres- 
ent, been  rather  widely  scattered.  In  this  monograph  Lorenz 
has  brought  together,  in  a  very  satisfactory  form,  what  is 
known  on  the  whole  subject. 

The  larger  divisions,  under  which  the  subject-matter  is 
classified,  are  :  The  I^aw  of  Faraday  ;  The  Transference  and 
Migration  of  the  Ions  ;  Conductivity. 

From  this  it  will  be  seen  that  the  same  general  plan  is  fol- 
lowed as  in  dealing  with  the  electrolysis  of  solutions. 

The  volume  in  question  is  a  valuable  addition  to  the  already 
valuable  series  of  monographs.  h.  c.  j. 

A  Laboratory  Guide  to  the  Study  of  Quawtative  Analysis,  Based 
upon  the  Application  of  the  Theory  of  Electrolytic  Dissociation  and 
the  Law  of  Mass  Action.  By  E.  H.  S.  Bailey,  Ph.D.,  Professor  of 
Chemistry,  and  Hamilton  P.  Cady,  Ph.D.,  Assistant  Professor  of 
Chemistry  in  the  University  of  Kansas.  Fifth  edition,  thoroughly  re- 
vised. Philadelphia:  P.  Blakiston's  Son  &  Co.  1905.  Price,  $1.25 
net. 

The  fourth  edition  of  this  book  appeared  in  1901  and  was 
reviewed  in  this  Journal^  by  Professor  H.  C.  Jones.  It  will 
suffice  to  say  here  that  it  is  a  good  laboratory  manual,  written  in 
accordance  with  the  theory  of  electrolytic  dissociation,  treating 
of  the  detection  and  separation  of  cations  and  anions,  instead 
of  metals  and  acids,  and  has,  as  a  positive  advantage,  the  benefit 
of  the  explanation  offered  by  physical-chemical  theory  of  cer- 
tain analytical  reactions.  E.  R. 

Kurzes  Lehrbuch  der  Organischen  Chemie.    Von  Prof.  Dr.  A. 
BernThsen.     Neunte  auflage  bearbeitet   in   Gemeinschaft  mit  Dr. 
Ernst  Mohr.     Braunschweig :    Fr.  Vieweg  und  Sohn.     1905.     pp. 
xxii  +  638.     Price,  M.  11. 
This  excellent  text-book  is  so  well  known  that  a  review  of 

1  This  Journal,  27,  157. 
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the  new  edition  may  be  confined  to  a  statement  of  the  changes 
and  improvements  which  it  contains.  The  text  has  been  thor- 
oughly revised,  new  matter  having  been  added  and  certain 
portions  of  the  old  eliminated  ;  this,  in  itself,  has  not  involved 
an  increase  in  the  size  of  the  book,  the  extra  number  of  pages 
in  the  present  edition  being  due  to  the  use  of  large  type  for 
certain  paragraphs  which  were  formerly  set  more  closely. 
The  most  important  alteration,  however,  is  in  the  division  of 
the  compound,  into  three  classes,  viz.,  methane  derivatives  pp. 
283,  isocyclic  derivatives  pp.  198,  and  heterocyclic  derivatives 
pp.  80 ;  this  arrangement  is  logical  and  should  be  of  considera- 
ble benefit  to  the  users  of  the  book  ;  the  general  introductory 
portion  occupies  40  pages.  The  author  is  to  be  congratulated 
on  these  alterations.  The  production  of  the  ninth  edition 
shows  that  the  work  has  obtained  the  recognition  and  appre- 
ciation which  it  so  justly  merits.  j.  b.  t. 

The  Production  of  Ai,uminum  and  Its  Industrial  Use.  By 
ADOI.PHE  MiNET,  Officer  of  Public  Instruction  and  Editor  of  "  ly'Elec- 
trochimie."  Translated,  with  additions,  by  lyEONARD  Wai,do,  S.D. 
(Harv.).  First  edition,  first  thousand.  New  York  :  John  Wiley  & 
Sons.     1905.     pp.  261.     Price,  $2.50. 

Minet's  monograph  is  a  fairly  complete  enumeration  and 
description  of  the  difEerent  methods  which  have  been  suggested 
for  the  production  of  aluminium,  and  of  the  various  chemical 
and  industrial  uses  of  the  metal  from  the  point  of  view  of  a 
practical  inventor  with  some  knowledge  of  thermo-chemistry  ; 
it  is  supplemented  by  a  few  statistical  tables  and  a  brief  ac- 
count, by  the  translator,  concerning  the  production  of 
aluminium  in  the  United  States. 

The  author  gives  many  details  of  his  own  process,  which,  al- 
though it  was  once  in  use  in  France,  has  been  abandoned,  but 
his  account  of  Heroult's  or  Hall's  processesis  brief.  The  for- 
mer is  used  in  Europe,  the  latter  in  Europe  and  in  America. 

At  the  present  time  the  yearly  output  of  aluminium  is  from 
14,000,000  to  18,000,000  lbs.,  of  which  more  than  one-half  is 
made  by  the  Pittsburg  Reduction  Co. ,  at  Niagara  Falls.  The 
price  is  31-37.5  c.  per  lb.  here  and  22  c.  in  Europe.        E.  R. 

The  Conductivity  oe  Liquids.  Methods,  Results,  Chemical  Applica- 
tions and  Theoretical  Considerations.  By  Own  Freeman  Tower. 
Ph.D.,  Assistant  Professor  of  Chemistry,  Western  Reserve  University- 
Easton,  Pa.  :  Chemical  Publishing  Company.  1905.  pp.  182.  Price. 
I1.50. 

This  useful  little  book  contains  just  such  information  as  one 
frequently  desires  to  have  at  hand.  About  the  only  fault  we 
can  find  with  it  is  in  the  title.     Conductivity  of  Solutions  and 
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not  of  ' '  Liquids' '  would  have  been  more  in  accordance  with 
the  contents. 

The  author  discusses  such  fundamental  subjects  as  :  Meth- 
ods and  Apparatus  Used  in  Determining  Conductivity  ;  Disso- 
ciation of  Electrolytes  ;  Migration  of  Ions,  both  relative  and 
absolute  values ;  The  Determination  of  /aoo  ;  Influence  of 
Temperature  and  Pressure  on  Conductivity;  Solutions  Con- 
taining Two  Electrolytes  ;  Non-aqueous  Solutions  and  Con- 
ductivity of  Electrolytes  in  Mixed  Solvents.  Useful  tables  of 
conductivity  data  are  also  appended. 

The  book  is  very  well  written,  the  style  being  clear,  inter- 
esting and  attractive.  It  is  unfortunate  that  the  contents 
could  not  have  been  brought  a  little  nearer  to  the  date  of 
publication,  but  the  reason  for  not  doing  so  is  given  by  the 
author  in  his  preface. 

It  is  to  be  hoped  that  the  volume  will  have  the  wide  cir- 
culation it  deserves.  h.  c.  j. 

EXPERIMENTAI.  E1.ECTROCHEMISTRY.  By  N.  MONROE  HOPKINS, 
Ph.D.,  Assistant  Professor  of  Chemistry  in  the  George  Washington 
University,  Washington,  D.  C.  With  130  illustrations.  New  York  : 
D.  Van  Nostrand  Company.     1905.     pp.  284.     Price,  I3.00  net. 

It  is  Stated  in  the  preface  that  "  It  has  been  the  aim  of  the 
author  to  produce  a  book  that  will  prove  useful  in  both  the 
lecture  room  and  the  laboratory.  Although  a  work  upon  the 
subject  of  electrochemistry  must  presuppose  a  working  knowl- 
edge of  chemistry  and  electricity,  it  has  been  the  object  of 
the  writer  to  introduce  the  subject  as  clearly  as  possible,  deal- 
ing with  chemistry  and  electricity  without  assuming  too  much 
on  the  part  of  the  student."  Again,  "  Electrochemistry  is  at 
best  a  subject  for  the  advanced  student,  and  in  order  to  carry 
out  the  experimental  work  with  profit,  as  given  here,  he  must 
have  pursued  beforehand  laboratory  courses  in  both  chemistry 
and  physics." 

It  will  be  recognized  that  this  is  a  sound  basis  upon  which 
to  write  a  book  on  electrochemistry. 

The  first  part  of  the  book  deals  with  the  strictly  scientific 
side  of  electrochemistry,  while  the  second  half  has  to  do  with 
more  practical  questions,  such  as  the  production  of  nitric  acid 
from  the  air,  the  electrolytic  production  of  the  metals,  the 
electric  furnace  and  its  products,  the  electrolytic  preparation 
of  organic  compounds,  primary  and  secondary  cells,  electricity 
from  carbon,  etc. 

The  style  is  clear  and  very  readable.  A  few  matters  could 
be  revised  to  advantage.  Thus,  on  page  i ,  we  find  ' '  basic 
experimental  evidence."     On  page  48,  the  term  "  molugram" 
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is  certainly  not  euphonious,  and  it  is  to  be  hoped  will  not  find 
its  way  into  physical-chemical  literature. 

The  equation  on  page  io8,  in  connection  with  the  electroly- 
sis of  concentrated  sulphuric  acid,  must  not  be  accepted  liter- 
ally, since  atomic  oxygen  is  certainly  not  produced.  Further, 
the  use  of  the  term  ' '  heavy' '  as  applied  to  current  will  scarcely 
meet  the  demands  of  the  purists. 

In  connection  with  the  theory  of  the  electrolysis  of  sulphuric 
acid,  it  is  not  pointed  out  with  sufl&cient  clearness  that  the 
older  view  is  unquestionably  wrong  ;  and  the  newer  view  is 
not  sufficiently  elaborated.  A  few  ions  are  not  capable  of 
carrying  "  many  amperes,"  but  many  coulombs  of  electricity. 

It  will,  of  course,  be  recognized  that  these  are  minor  mat- 
ters, which  can  easily  be  corrected  in  a  new  edition. 

The  work,  as  a  whole,  is  interesting  and  contains  a  number 
of  ingenious  experiments,  some  of  which  have  important  new 
features.  It  will  doubtless  find  a  good  demand,  especially  in 
laboratories  where  considerable  stress  is  laid  upon  electro- 
chemistry.    We  wish  it  the  success  which  it  deserves. 

H.  c.  J. 
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QUATDECYIv  thiophane.     Mabery 413 

REACTIONS  between  lead  chloride  and  lead  acetate  in  acetic  acid 

and  water.     White 217 

Reactions  involved  in  the  formation  of  certain  complex  salts  of 

lead,  a  study  of  the.     White  and  Nelson 227 

Relative  rates  of  oxidation  of  ortho,  meta  and  para  compounds. 

Bradshaw 326 

Relative  solubility  of  some  difficultly  soluble  calcium  and  barium 

salts.     Foote  and  Menge 432 

Reports  : 

Amino  acids,  polypeptides  and  proteids.     Tingle 535 

A  new  oxide  of  carbon,  CgOj.     Carbon  suboxide.     Tingle  .  534 

Colloidal  solutions  of  metals  in  organic  solvents.      Renouf.  187 

Esterification.     Tingle 368 

Preparation  of  pure  ethyl  alcohol.     Tingle 286 

Stibine  and  the  allotropic  varieties  of  arsenic  and  anti- 
mony    287 

The  action  of  ozone  on  organic  compounds.     Tingle 463 

The  atomic  weight  of  nitrogen 458 

The  oxidation  of  atmospheric  nitrogen  vdth  reference  to  the 

manufacture  of  nitrates  and  nitric  acid.     Renouf 358 

The  physical   and  chemical  properties  of  iron  carbonyl. 

Hoffmann 469 

The  rusting  of  iron 88 

The  stereoisomerism  of  substituted  ammonium  compounds. 

Tingle 189 

Grignard's  reaction.     Tingle •  90 

Reviews  : 

An  elementary  laboratory  course  in  chemistry.     Kenrick..  371 

Annual  report  of  the  progress  of  chemistry  for  1904 193 

A  text-book  of  chemical  arithmetic.     Wells 96 
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A  text-book  of  chemistry  for  the  use  of  students  and  practi- 
tioners of  medicine,  dentistry  and  pharmacy.     Jones  .  .  .  475 
A  text -book  of  physiological  chemistry  for  students  of  medi- 
cine.    Long 192 

A  treatise  on  chemistry.     Roscoe 98 

Beet  sugar  manufacture  and  refining.     Ware 377 

Chemie  der  Alicyklischen  Verbindungen.     Aschan 545 

Conversations  on  chemistry.     Ostwald  and  Turnbull 543 

Die  Elektrochemie  der  organischen  Verbindungen.     Lob..  374 

Die  Elektrolyse  geschmolzener  Salze,  I.     Lorenz 373 

Die  Elektrolyse  geschmolzener  Salze,  II.     Lorenz 547 

Die   Mikroskopie   der  technisch   vervendeten  Faserstoflfe. 

Ritter 474 

Die   Neuerer   entwickelung   der  Kristallographie.     Baum- 

hauer 97 

Elektromagnetische  Schwingungen  und  Wellen.     Geitler.  .  193 

Engineering  chemistry.     Stillman 370 

Etude  gdnerale  des  sels.     Ditte 470 

Exercises  in  quantitative  chemistry.     Morse 376 

Experimental  electrochemistry.     Hopkins 549 

Handbook  of  metallurgy.     Schnabel 473 

Hypochlorite  und  electrische  Bleiche.     Abel 191 

Jahrbuch  der  Chemie.     Meyer 375 

Kurzes  Lehrbuch  der  Organischen  Chemie.     Bernthsen  .  .  .  547 
Laboratory  experiments  to  accompany  outlines  of  inorganic 

chemistry.     Gooch  and  Walker 473 

Les  Nouveaut^s  Chimiques  pour  1905.     Poulenc 96 

Methods  of  organic  analysis.     Sherman 193 

Neuere  Anschauungen  auf  dem  Gebiete  der  Anorganischen 

Chemie.      Werner 295 

Outlines  of  industrial  chemistry.     Thorp 96 

Radium  and  radio-active  substances.     Baskerville 290 

Researches  on  the  affinities  of  the  elements  and  on  the 
causes  of  the  chemical  similarity  or  dissimilarity  of  ele- 
ments and  compounds.     Martin 292 

Second  year  chemistry.     Hart 370 

Soils  and  fertilizers.     Snyder. .' 291 

Text-book    of    medical     and    pharmaceutical    chemistry. 

Bartley 476 

The  conductivity  of  liquids.     Tower 548 

The  electrolytic  dissociation  theory,  with  some  of  its  appli- 
cations.    Talbot 370 

The  polariscope  in  the  chemical  laboratory.     Rolfe 375 

The  production  of  aluminum  and  its  industrial  use.     Minet  548 

Verfliissigtes  ammoniak  als  losungsmittel.     Bronn 192 
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Rusting  of  iron  (Report) 88 

SAL/ICYIylC  acid  and  ^-nitrosodimethylaniline.     Torrey  and  Gib- 
son   249 

Secondary  arsines.     Dehn  and  Wilcox i 

Sexdecyl  thiophane.     Mabery 413 

Sodium  salt  of  ethyl  orthosulphobenzoate.     Cobb 490 

Some  derivatives  of  benzenesulphonylaminoacetonitrile.    John- 
son and  McCollum , 54 

Some  derivatives  of  phenylglycocollorthosulphonic  acid.     Brad- 

shaw 340 

Some  new  apparatus.     Acree 309 

Stereoisomerism  of  substituted  ammonium  compounds  (Report). 

Tingle 189 

o-Sulphaminebenzoic  acid.     Bradshaw 335 

Sulphobenzoic  anhydride.     Cobb 506 

o-Sulphone  amide  of  ethyl  benzoate.     Cobb 489 

o-Sulphone  chloride  of  ethyl  benzoate.     Cobb 489 

Symmetrical  dibenzoylpseudoethylthiourea.     Johnson  and  Jamie- 
son  305 

Symmetrical     dibenzoylpseudomethylthiourea.      Johnson     and 

Jamieson 303 

Symmetrical  dipa'rabrombenzoylpseudomethylthiourea.     Johnson 

and  Jamieson 306 

Symmetrical  diparamethoxybenzoylpseudomethylthiourea.  John- 
son and  Jamieson 308 

TETRABBNZYL-a,a^-furfuryl  dicarbinol.     Hale,   McNally  and 

Pater 77 

Tetrabromcyclopentaneorthoquinone.     Jackson  and  Russe 185 

Tetrabromorthobenzoquinone,  on  certain  derivatives  of.     Jackson 

and  Russe i54 

Tetrabromorthoquinone.     Jackson  and  Russe 163,  et  seq. 

Tetrabrompyrocatechin  diacetate.     Jackson  and  Russe 178 

Tetrabrompyrocatechin  dibenzoate.     Jackson  and  Russe 169 

Tetrachlorpyrocatechin.     Jackson  and  Boswell 528 

Tetramethylstibonium  iodide.     Dehn  and  Wilcox 18 

Tetraphenyl-«,a^-furfuryl  dicarbinol.     Hale,  McNally  and  Pater .  .  74 
The  combustion  of  halogen  compounds  in  presence  of  copper 

oxide.      Robinson 53^ 

The  physical  and  chemical  properties  of  iron  carbonyl  (Report). 

Hoffmann 4^9 

Toluidines,  oxidation  of.     Bradshaw 334 

Tribenzoylheptabromdihydroxypyrocatechin    hemiether.      Jack- 
son and  Russe 167 

Tribromphenol.     Torrey  and  Gibson 248 

Tribromphenol  and  /)-nitrosodimethylaniline,  addition  product  of. 

Torrey  and  Gibson 249 
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Trichlorphenol.     Torrey  and  Gibson 247 

Trichlorphenol   and  />-nitrosodimethylaniline,    addition  product 

of.     Torrey  and  Gibson 248 

Trichlorpyrocatechin.     Jackson  and  Boswell 526 

Trimethylallylarsonium  iodine.     Dehn  and  Wilcox 21 

Triphenylpropionamide.     Kohler 402 

Triphenylpropionitrile.     Kohler 401 

UNDECYL  thiophane.     Mabery 41 1 

Undecyl  thiophane  sulphone.     Mabery 421 

Unsaturated  compounds  and  organic  magnesium  compounds,  the 

reaction  between,     Kohler 386 

Unsymmetrical     dibenzoylpseudoethylthiourea.      Johnson     and 

Jamieson 304 

Unsymmetrical    dibenzoylpseudomethylthiourea.      Johnson  and 

Jamieson 301 

VARIABLE  sensitiveness  in  the  colorimetry  of  chromium.     Horn  253 

Viscosity  and  fluidity.     Bingham 195 


FORMULAS. 
Ci-GROUP. 

CH3CI2AS.     Methylarsine  dichloride.     Dehn  and  Wilcox 16 

C,-GROUP. 

3  II. 

C;iH6ClAs.     Cacodyl  chloride.     Dehn  and  Wilcox i 

C2H,Br2As.     Bromcacodyl  hydrobromide.     Dehn  and  Wilcox  ....  15 

CjH^ClaAs.     Chlorcacodyl  hydrochloride.     Dehn  and  Wilcox 16 

C2H7I2AS.     lodocacodyl  hydriodide.     Dehn  and  Wilcox 17 

C3-GROUP. 

3  III. 

C3H4ON2.     Methyl  cyaniminocarbonate.     Biddle 347 

C,-GROUP. 

C4H12AS2.     Cacodyl.     Dehn  and  Wilcox 4 

3  IV. 

C^HgOaNa-     Methyl  diimidooxalate.     Biddle 347,  350 

C^HijOAsj.     Cacodyl  oxide.     Dehn  and  Wilcox 4 

C^HijISb.     Tetramethylstibonium  iodide.     Dehn  and  Wilcox.  ...  18 
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C5-GROUP. 

CjO^Br^.      Tetrabromcyclopenteneorthoquinone.       Jackson     and 

Russe 185 

3  V. 

CjHgOjN.     Carbethoxyaminoacetonitrile.    Johnson  and  McCollum  67 

Ce-GROUP. 

3  VI. 

CgHJAs.     Trimethylallylarsonium  iodide.    Dehn and  Wilcox.  ..  .  21 

CgHgNBrg.     o,/)-Dibrom-o-phenylenediamine.     Jackson  and  Russe  150 
CgHjNBr^.     o,/>-Dibrom-o-phenylenediamine     dihydrobrom  i  d  e  . 

Jackson  and  Russe 152 

CflHjjO.     Methyl  isobutyl  ketone.     Clarke  and  Shreve 515 

C6H,40.     Methylisobutylcarbinol.       Clarke  and  Shreve 515 

4  VI. 

C6H,02N2Br.     />-Brombenzoylurea.     Johnson  and  J amieson 307 

CgHYNClBra.     o,p  -  Dibrom  -  o  -  phenylenediamine   hydrochloride. 

Jackson  and  Russe 151 

C,-GROUP. 

C7H10O5.     Ethyl  oxomalonate.     Curtiss 477 

CyHijOg.     Ethyl  dihydroxymalonate.     Curtiss 478 

C,HiiS.     Heptyl  thiophane.     Mabery 408 

3  VII. 

CyHi^OjS.     Heptyl  thiophane  sulphone.     Mabery 419 

4  VII. 

C7H7O4NS.     o-Carbaminebenzenesulphonic  acid.     Bradshaw  ....  335 

C7H7O4NS.     o-Sulphaminebenzoic  acid.     Bradshaw 335 

CyHgOgNS.     Acid   ammonium   salt  of  orthosulphobenzoic   acid. 

Cobb 496 

Cs-GROUP. 

CgHjgS.     Octyl  thiophane.     Mabery 409 

CgHigS.     Isooctyl  thiophane.     Mabery 409 

3  VIII. 

CgHigSOi.     Octyl  thiophane  sulphone.     Mabery 420 
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4  VIM. 

C8H8O2N2S.     Benzeaesulphonylaminoacetonitrile.      Johnson  and 

McCollum 58 

C9-GROUP. 

CgHjjO.     i-Methyl-2-etbyl-a-furfuryl  ethylene.      Hale,   McNally 

and  Pater 72 

CbHj^Oj.     Diethyl-a-furfuryl  carbinol.      Hale,  McNally  and  Pater  72 

CgHj^Oj.     Isocampholactone.     Noyes  and  Taveau 385 

C9H,f,S.     Nonyl  thiophane.     Mabery 410 

3  IX. 

CgHjgOjS.     Nonyl  thiophane  sulphone.     Mabery 420 

4  IX. 

CgHyOgSNa.     Sodium  salt  of  ethyl  orthosulphobenzoate .     Cobb .  .         489 
C9H10O2N2S.     Benzenesulphonylmethylaminoacetonitrile.     John- 
son and  McCollum 59 

C9H10O4NS.     Benzenesulphonylmethylaminoacetic  acid.    Johnson 

and  McCollum 59 

Cio-GROUP. 

C10H20S.     Decyl  thiophane.     Mabery 411 

3  X. 

CioHioNBr2.     o,/>-Dibrom-o-phenylenediacetamide.      Jackson  and 

Russe 152 

C10H22SAS.     Diisoamylarsine  sulphide.     Dehn  and  Wilcox 52 

CJ0H23O2AS.     Isoamylarsinic  acid.     Dehn  and  Wilcox 53 

4  X. 

CioH604Br4.      Tetrabrompyrocatechin    diacetate.       Jackson    and 

Russe jyS 

C10H10O4NS.  2,6-Diketo-4-benzenesulphonylpiperazine.  John- 
son and  McCollum 64 

CioH^jOxNjS.     Benzenesulphonylaminoacetonitrile.     Johnson  and 

McCollum 60 

C10H12O3N2S.  /'-Methoxybenzoylpseudomethylthiourea.  John- 
son and  Jamieson 308 

C10H13O4NS.     Benzenesulphonylaminoacetic    acid.     Johnson  and 

McCollum 61 

CioH22ClBrAs.     Diisoamylarsine  chlordibromide.     Dehn  and  Wil- 

<^«^ 51 
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C„-GROUP. 

C11H12O2.     S-Phenyl-Aa-peutenoic  acid.      Michael  and  Garner.  .  .  .         258 
CjjH^aS.     Undecyl  thiophane.     Mabery 41 1 

3  XI. 

C11H22O2S.     Undecyl  thiophane  sulphone.     Mabery 421 

4  XI. 

C11H12O4N2S.     Benzene  sulphonylcarbethoxyaminoacetonitrile. 

Johnson  and  McCollum 61 

CiiHj^OjNjS.     Benzenes  ulp  houyl-w-propylaminoacetonitrile. 

Johnson  and  McCollum. 61 

C11H15O4NS.  Benzenesulphonyl-n-propylaminoaceticacid.  John- 
son and  McCollum 61 

C11H15O4NS.     Ethyl    benzenesulphonylmethylaminoacetic    acid. 

Johnson  and  McCollum 60 

Cx,-GROUP. 

CijHg^.     Dimethyldiisobutylethane.     Clarke  and  Shreve 519 

2  XII. 

CijHjflOa.     Methylisobutylpinacone.     Clarke  and  Shreve 517 

3  XII. 

CijHOiBr,.     Heptabromorthoquinopyrocatechin      hemiether. 

Jackson  and  Russe 165,  166,  167 

CijH^OaBrg.     Octobromorthoquinhydrone.     Jackson  and  Russe  .  .  173 

CjjHioBrjAs.     Diphenylarsine  tribromide      Dehn  and  Wilcox.  ..  .  48 

C12H10IAS.     Diphenylarsine  iodide.     Dehn  and  Wilcox 48 

C12H11O2AS.     Diphenylarsinic  acid.     Dehn  and  Wilcox 41 

C12H24O2S.     Dodecyl  thiophane  sulphone.     Mabery 421 

4  XII. 

CijHjP^NjS.     2  -  Ethoxy  -  4  -  benzenesulphonyl-6-ketopiperazine. 

Johnson  and  McCollum 65 

C,2Hj404N2S.     Ethyl   benzenesulphonylcyanmethylaminoacetate. 

Johnson  and  McCollum 63 

Cu-GROUP. 

Ci^HggS.     Quatdecyl  thiophane.     Mabery 413 

4  XIV. 

Ci^HjtANaCla.     Addition  product  of  trichlorresorcinol  and  />-nitro- 

sodimethylaniline.     Torrey  and  Gibson 250 
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C,6-GROUP. 
4  XV. 

CjsHjjOaNgS.  Benzenesulphonylbenzoylaminoacetonitrile.  John- 
son and  McCollum 66 

CgHj-jO^NaS.      Benzenesulplionyl-/)-nitrobenzylaminoacetic  acid. 

Johnson  and  McCollum 63 

C,5Hj402N_;S.  Benzenesulphonylbenzylaminoacetonitrile.  John- 
son and  McCollum 62 

Cj5Hi408N2S.      Benzenesulphonyl-/>-nitrobenzylaminoacetic   acid. 

Johnson  and  McCollum 63 

CigHj^O^NS.  Benzenesulphonylbenzylaminoacetic  acid.  John- 
son and  McCollum 62 

Qe-GROUP. 

CjgHa^S.     Sexdecyl  thiophane.     Mabery 413 

4  XVI. 

C18H14O3N2S.  Symmetrical  dibenzoylpseudomethylthiourea.  John- 
son and  Jamieson 303 

CkjHj^OjNjS.      Unsymmetrical    dibenzoylpseudomethylthiourea. 

Johnson  and  Jam,ieson 301 

5  XVI. 

CiflHjiOjNjSBra.     Symmetrical  diparabrombenzoylpseudomethyl- 

thiourea.     Johnson  and  Jamieson 306 

Ci,-GROUP. 

CjjH^Oj.     Diphenyl-a-furfuryl    carbinol.      Hale,    McNally    and 

Pater 70 

C17H17N.     a,/3-Diphenylvaleronitrile.      Kohler 392 

CjjHjgOj.     a,|3-Diphenylvaleric  acids.     Kohler 393 

4  XVII. 

CiyHigOjNS.  Symmetrical  dibenzoylpseudoethyl thiourea.  John- 
son and  Jamieson 305 

C^HjgOaNS.     Unsymmetr ical  dibenzoylpseudoethylthiourea. 

Johnson  and  Jamieson 304 

Cis-GROUP. 

C,,HioOj.     Methyl  ether  of  diphenyl-a-furfuryl  carbinol.     Hale, 

McNally  and  Pater 71 

C,gH„N.     Methyldiphenylvaleronitrile.     Kohler 396 

CigHjoO.     3,4-Diphenylhexanone-2.     Kohler 399 

CigHggS.     Octodecyl  thiophane.     Mabery 413 
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4  XVIII. 

CigHigO^NgS.     Symmetrical  diparamethoxybenzoylpseudomethyl- 

thiourea.     Johnson  and  Jamieson 308 

C,9-GROUP. 

C,j,His02.      Dibenzyl-a-furfuryl   carbinol.      Hale,    McNally    and 

Pater 73 

CjjiHjiN.     a-Ethyl-a,;8-diphenylvaleronitrile,     Kohler 392 

3  XIX. 

CjgHj^OaS.     o-Benzoyldiphenylsulphone.     Cobh 498 

C20-GROUP. 

C20H20O2.     Methyl   ether  of  dibenzyl-a-furfuryl  carbinol.     Hale, 

McNally  and  Pater 74 

C20H44OAS.     Isoamylcacodylic  oxide.     Dehn  and  Wilcox 50 

3  XX. 

CaoHjoNgBrj.     o,/>-Dibromdiphenylenequinoxaline.      Jackson  and 

Russe 153 

CjoHjjNaBr,.     o./j-Dibromdiphenylenequinoxaline.      Jackson  and 

Russe 153 

4  XX. 

CjoHioO^Br^.     Dibenzoateof  tetrabrompyrocatechin.     Jackson  &n6. 

Russe 169 

CjoHieOaNaClo.     Addition  product  of  trichlorphenol  and  nitroso- 

dimethylaniline.     Torrey  and  Gibson 247 

CjoHigOaNaBrg.     Addition  product  of  tribromphenol  and  />-nitroso- 

dimethylaniline.     Torrey  and  Gibson 249 

C^i-GROUP. 

CsiHj^N.     Triphenylpropionitrile.     Kohler 401 

CajHiaON.     Triphenylpropionamide.     Kohler 402 

C„-GROUP. 

CgaHojOvNg.     Addition  product  of  salicylic  acid  and  ^-nitrosodi- 

methylaniline.     Torrey  and  Gibson 250 

C22H2e04N4.     Addition  product  of  />-nitrosodimethylaniline  and 

pyrocatechol.     Torrey  and  Gibson 252 

4  XXII. 

CaaHjaO^N^Brg.     Addition  product  of  /)-nitrosodimethylaniline  and 

tribromresorcinol.     Torrey  and  Gibson 251 
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C23-GROUP. 

C20H21N.     Ethyltripheuylpropionitrile.     Kohler 402 

C23H22O.     Diphenylvalerophenone.     Kohler 399 

C,4 -GROUP. 

C24H,3N.     Benzylclipheuylvaleronitrile.     Kohler 396 

C30-GROUP. 

CaiHj^O.,.     Tetraphenyl-a,a''-furfuryl  dicarbinol.     Hale,  McNally 

and  Pater 74 

Co.- GROUP. 

C32H2SO,.     Methyl  ether  of  tetraphenyl-a.a'-furfuryl  dicarbinol. 

Hale,  McNally  and  Pater 75 

C3.-GROUP. 

CgsHjjOjBr^.     Tribenzoylheptabromdihydroxypyrocatechin  hemi- 

ether.     Jackson  and  Russe 167 

C3,-GROUP. 

C3^H3203.     Ethyl  ether  of  tetraphenyl-a,a'-furfuryl    dicarbinol. 

Hale,  McNally  and  Pater 76 

C34H32O:;.     Tetrabeuzyl-a,a''-furfuryl  dicarbinol.      Hale,  McNally 

and  Pater 77 


ERRATA. 


U-Vol.  33,  page  336,  line  7.     The  last  formula  should  be 

CfiHsCHRCCCN)  :  C(OC2H5)OMgBr. 
96,  line  20,  for  Mallett  read  Mallet. 
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35, page 


:  ::  ;;  ;;  ; 

6»   ' 

'    methodes  read  m^thodes, 
'    novelles  read  nouvelles. 
*    appliquees  read  appliqu^es. 

.  ..  ..  Y,  . 

II    ' 

'    Baunhauer  read  Baumhauer. 

.              <.                  «                     g7           . 

10    ' 

'    neuerer  read  neuere. 

.     .<      ..       j87    ' 

9^ 

'    late  Billitzer  read  later  Billitzer. 

'     "      "      292    ' 

3^   ' 

'    i.  e.  read  in. 

,     .<      ..      342    ' 

III   . 

'    aniline  orthosulphonic  read  anilineortho- 
sulphonic. 

•     "       "      379    ' 

8    ' 

Rene  read  Rene. 

.      "       "      468    ' 

10    ' 

'    Baumberger's  read  Bamberger's. 

.      ..       ..       472   . 

20I  ' 

'    ZNreadZn. 
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